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0 This invention provides a method for produdng amylolytic enzymes by culturing a microorganism, having 
received as a result of recombinant DNA technology DNA sequences from a donor yeast comprising the coding 
^ sequences for the amylolytic enzymes wherein the host microorgamism Is capable of expressing said amylolytic 
. ^en?yrnes, _Further)T»Ofe. .this. .inventipD.jDrovides to 
produce and express the amylolytic enzymes, a vector containing the DNA sequences, coding for the amylolytic 
^enzymes and the respective DNA sequences. The said host microorganisms are useful in the production of 
^ biomass and many fermentation processes, preferably in the production of speaal beers. 
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AMYLOLYTIC ENZYMES PRODUCING MICROORGANISMS, CONSTRUCTED BY RECOMBINA NT 
TECHNOLOGY AND THEIR USE FOR FERMENTATION PROcisiis ' 



Species of the yeast Schwanniomvces hydrolyse starch to glucose as the result of the production of 
two extracellular enzymes, namely amylase (or-1.4-glucan 4-glucanohydrolase E.C^^I.1) and 
glucoamylase (syn. amyloglucosidase) (a-1.4^lucanglucohydrolase. E.C.3^1,3. with debranching activity 
E.0.3.2<1 .9.). 

The amylolytic systems of Schwanniomyces castellii and Schwanniomvces alluvius are well docu- 
mented (Oteng-Gyang et ai.. 1981; Sills et al., 1982. 1984a. 1984b; Wilson et al.. 1982)! 

It Is desirable to work with Schwanniomyces spp. because the a-amylase has the liquefying activity and 
the glucoamylase has the debranching activity, and because the amylolytic system is sensitive to 
pasteurisation conditions normaJly employed in brewing. (Silis et al., 1984a and b). 

The yeast Saccharomyces , having none of the mentioned activities of the yeast Schwanniomvces . Is 
the mostly used organism in brewery, baking processes and in the ethanol- fermentation industry. In the 
fermentation processes, starch is conventionally used as a raw material. Since, however, as mentioned, 
Saccharomyces cerevisiae is not able to hydrolyse starch, the traditional conversion of starch Into ethanol 
and CO2 by Saccharomyces cerevisiae requires two enzymatic degradation processes prior to the 
fermentation activity by Saccharomyces cerevisiae . namely fiquefication, carried out by adding o-amylase 
and saccharification by adding glucoamylase with detjranching activity (Fogarty et aJ., 1979). 

In the European patent application no, 0 125 615. the use of yeast of the genus Schwanniomyces for 
the production of low calorie beers has already been described. Using yeast of tfie genus Schvyanniomyces 
provides an organism in tiie fermentation procedures which is able to produce the amylolytic enzymes, and 
therefore the mentioned enzymes do not have to be added prior to the fermentation procedure. Neverthe- 
less, the yeast Schwanniomyces is not at all as efficient and adapted as Saccharomyces cerevisiae in 
brewery and industrial etiianol production. In the above mentioned European patent application, it has 
therefore been proposed to use Schwanniomyces in addition to the more effidenl genus Saccharomyces . 
the latter still being the essential microorganism for tiie fermentation of degraded cartDohydrates to ethanol 
and the starch degrading enzymes from Schwanniomyces . The enzymes are still added separately as usual 
in the state of the art 

Several amylolytic enzymes encoding genes coukl be cloned and expressed in Saccharomyces 
cerevisiae , namely the o-amylase gene of mice (Thomson, 1983) and of wheat (Rothstein et al., 1984) and 
the glucoamylase gene of Saccharomyces diastaticus (Yamashrta and Fukui, 1983), of Aspergillus niger - 
(Nunnberg et al., 1984; Innis et al., 1985). Candida albicans (Cohen et aJ.1985) and Rhizopuso ryzae 
European Patent Application 85 115 910.3). 

The amylolytic enzymes produced by the above mentioned donor organisms are, however, not useful 
for the purposes of the present invention. For tiie use of genetically manipulated Saccharomyces cerevisiae 
in brewing and baking procedures and the production of industrial ethanol. it is highly desirable to clone the 
respective genes derived from very closely related organisms, since the production and application of the 
expressed enzymes is much more acceptable for the food industry and has the required enzymologicai and 
chemical properties for industrial processes. Therefore, the amylolytic enzymes of the microorganism 
Schwanniomvces . which can t>e produced by recombinant DNA technology In a number of host microor- 
ganisms, are more suitable for a number of applications due to the close relationship of the microorganism 
Schwanniomvces and the host microorganisms used, and due to \he low temperature optimum, the 
temperature sensitivity, arxj the high stability of the amylolytic enzymes produced by Schwanniomyces. 

The or-amylase gene of Schwanniomyces is the first o-amylase gene cloned from a yeast species and 
is, as a gene from a narrowly related yeast organism, more compatible with the fermentation processes 
required In the food industry ."^ for example the'brewlhg arid baJdrig processes." Irfadditibh', comparcif 1to otffer' 
o-amylases, the a-amylase of Schwanniomyces has an optimal enzyme actMty at a lower temperature of 
about 37 'C. which allows application at lower fermentation or process temperatures. In addition, the a- 
amylase of Schwanniomyces can be inactivated at 50'C. 

The glucoamylase of Schwanniomyces has a special debranching activity and Is hence able to 
hydrolyse starch virtually completely into glucose, whereas the glucoamylase of Candida albicans or 
Saccharomyces diastaticus has no debranching activity, arwj hence are not able to hydrolyse starch 
completely into glucose. The glucoamylase of Schwanniomvces . t>esides its specially suited enzymologicai 
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and chemicaJ properties, including optinnunn of pH and temperature, has the additional adviitages over the 
giucoamylases encoded by other genes already cloned in that this enryme originates from a yeast species 
and can be heat inactivated at pasteurisation conditions (Sills t al.. 1983) which are normally emoloved in 
the brewing process. * 

It would therefore be most advantageous for the brewing process, the production of industrial ethanol 
and yeast biomass to provide cultures of Saccharomyces cerevisiae with Its high CO2 production its good 
fermentation efficiency, its high ethanol tolerance, with the ability to hydrolyse starch entirely by syn- 
thesisjng and secreting cr-amylase and glucoamylase. Also for the CQ2 production in baking, amylolytic 
enzyme producing strains can be of great advantage. 

n was therefore an object of the present invention to provide a microorganism suitable for brewing and 
baking processes, the production of industrial ethanol and of biomass having the ability to hydrolyse starch 
entirely if required by being capable of synthesising and secreting o-amylase and glucomaylase. 

The desired microorganisms can be provided by genefical manipulation of the microorganisms used by 
recombinant DNA technology. Recombinant DNA technology Is used to clone the commerdaliy interesting 
genes coding for o-amylase and glucoamylase. whereby DfMA fragments are cloned which contain the a- 
amylase and/or glucoamylase genes of a yeast of the genus Schwanniomvces. After transfomiation of a 
host microorganism, the cloned genes coding for amylolytic enzymes are expressed in a host microorgan- 
ism, for example, Saccharomyces cerevisiae and the gene products are secreted into the medium. The 
enzymatic pretreatment of starch and/of non-fermentable dextrins, which was necessary to provide the 
20 fermenting microorganisnns with fermentable sugar . can therefore be avoided, with all advantages with 
respect to a less expensive and a simplified fermentation processes, for example, in the fields of brewing 
production of industrial ethanol and production of biomass. For the baking process, amylolytic yeast can be 
of great advantage for the preparation of certain types of doughs. 

One of the advantages of providing a femnenting microorganism, for example Saccharomyces 
25 cerevisiae. having the abifity to produce o-amylase and/or glucoamylase is based on the fact that the sterch 
can be continuously and quantitatively degraded, and the biomass or ethanol is simultaneously produced by 
aerobic or anaerobic con version of the low molecular carbohydrates resulting from the degradation of the 
starch. In the case of the above mentioned brewing processes, the result of this complete degradation of 
tiie starch is a low calorie beer, since the resulting low molecular carbohydrates are easily fennented by the 
30 genetically manipulated microorganisms into ethanol and CO2. 

A further example for the use of amylolytic Saccharomyces cerevisiae strains in beer brewing is tiie 
production of special beers fike low carbohydrate beer, diet beer and special flavoured beer. In addition 
these strains allow a broadening of the range of starch-containing raw materials for beer brewing. 

Although tiie general idea of the present invention described above comprises the use of various host 
35 microorganisms which are suitable in one of the afore mentioned fermentation processes or the production 
of biomass. a preferred example of constnjcting a microorganism so as to be able to express and secrete 
amylolytic enzymes is now described. 

For the construction of a yeast of the spedes Saccharomyces cerevisiae , a transformation system with 
a particular marker was developed, providing both regulation of the amylase genes and over-production of 
40 their gene product in the yeast cells. 

According to the present invention. In addition a shuttle cosmid vector has been constiucted which can 
be used as a shutUe vector for transformation of Schwanniomyces . Saccharomyces , Escherichia coB and 

Schizosaccharomyces pombe . 

According to a preferred embodiment of the present invention, the yeast Schwanniomvces castellii acts 
as a donor for tiie cloning of o-amylase and/or glucoamylase genes. The yeast Saccharomyces cerevisiae 
acts as a host yeast being capable of expressing the mentioned genes for the amylolytic enzymes after 
having received tiie cloned genes adapted for expression by ti-ansformation procedures and further being 

capable of secreting the gene products.- ------- --^-^-"----^^^ - — 

As a result of genetic manipulation, furtiiermore. an over-production of tiie amylolytic enzymes in the 
Schwanniomyces aPuvius is possible. This over-production of amylolytic enzymes in Schwan- 
niomyces sti-ains are of great advantage for the production of tiiese enzymes as such, which after 
recovering in a known manner, can still be used as described above in fermentation processes in which it is 
still necessary to add the amylolytic enzymes separately. 

Schwanniomyces vectors control the function of replication and maintenance in Schwan- 
niomyces. This replication sequence (SwARSl) isolated from Schwanniomyces chromosomal DNA is 
responsible for autonomous replication in. and high frequency ti-ansformation of Schwanniomyces . The 
SwARSl -element is also functional in Saccharomyces cerevisia and hence leads to high frequency 
transformation of Saccharomyces cerevisiae mutants with* SwARSl -plasmid. 
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One suitable representative of Schwanniomyces . vectors is pCJD5-1. a hybrid plasmid composed of the 
SwARSi sequence, the cos (cohesive) sequence of bacteriophage X. the pBR322 sequence and the TRP5 
gene of Saccharomyces c r visiae used as a selectable marker. 

This plasmid is a new Saccharomyces cerevisiae -Schwanniomyces altuvius - Escherichia coli cosmid 
shuttle vector with suitable cloning sites for the construction of genomic DNA libraries. 

The present invention provides furthermore a new simple and quick transfomnation procedure for the 
y«asts Schwanniomyces alluvius . Saccharomyces cerevisiae , Schizosaccharomyces pombe, 
Kluyveromyces lactis. " " 

Using the above vector and transfomiation system it is possible to provide new genetically . engineered 
yeast strains of the genus Saccharomyces cerevisiae which are capable of synthesising amylases in culture 
for mass production. 

A consequence of this mass production will l>e the use of this modified Saccharomyces cerevisiae 
strain in aerobic and anaerobic starch converting processes to yield yeast biomass. ettianol and CQz. 

According to this invention, new DNA sequences are provided which lead to expression and secretion 
75 of proteins in Saccharomyces cerevisiae , Schwanniomyces alluvius . Schizosaccharomyces pombe and 
Kluyveromyces lactis. since the new DNA sequences contain new secretion signals which allow secretion in 
the yeasts named. 

In adcfition, sequences are provided by the new DNA sequences which allow regulated gene expres- 
sion. 

20 Another object of this invention is the provision of a vector without any E. rail sequence for the 
integration of the amylase genes into the Saccharomyces cerevisiae genome. 
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Detailed Description of the Present Invention 

In the following, a more detailed description of all aspects of the present invention is given. 

BRIEF DESCRIPTION OF THE FIGURES ^• 
Figure 1 : 



A: Alignment of plasmid pYcl-aderived by insertion of a 5 kb fragment of S. castellii DNA, %vhich 
contains the o-amylase gene, into the cosmid pYcl . 
35 B: Restriction map of tfie cloned EcoRI fragment of S. castellii . 

C: Fragments (1 . 2 and 3) subcloned into the plasmid pJDB207 do not lead to functional expression 
of the er-amylase gene in S. cerevisiae GRF18 transformants. 

D: Sequencing strategy: 

For sequencing according to Maxam & Gilt^ert (1980) the EcoRI/Sail fragments were 3' labelled with ^ep- 
40 d I I P. The orientation and the extension of the sequencing are indicated by arrows. 

Figure 2: 

45 The nucleotide sequence of the 5'end of the o-amylase structural gene arKf its 5' flanking region. 

Rgure 3: ; , . ^.^ - 

so Amino acid sequences of 5 isolated tryptic peptides of glucoamylase. 

Rgure 4: 

55 
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Secreted o-a/nylase activity of the transformants in different growth phases. 

The cells were grown up overnight in precultures with 0.67 % YNB and 4 % a\ucn<^f> Af*^r u- xu 
cells w»h the medium of the different main cultures, the main cultures t^uSeTto ioL ^^T^ 
" Mr r^?'^ """^ *^ Siven carbon sources in Feml«ch vessel^ of t^ S aL^s 

I^?^f ^'^ ^'""^ phosphate buffer pH 6^ and o L S 

with 0.1 M citrate buffer pH The cultures were ll^^ubated at 30'C 4 i cLSS 
shaking (2 Hertz) on a tongitudlnal shaker. The measurements of the -an,y.ase activ^r^d Tel^CS^ 
concentration in the culture supernatant were detennined as described. For further details, see specific^n. 

Fjgure 5: 

. chromatography on a Mono Q column for separation of the o-amylase protein from 

rs concentrated extracellular medium of S, cerevisiae MC34 transfonned with pYcl^. 

app^S:ite,;°30rmM ^^^^^^ ""^^'^ ^'"^^ ^ '"^^^ ^^^^ ^-"^ 

a: As4 nm 
20 b: % buffer B 

Buffer A: 10 mM Tris-CI. pH 7.5 

Buffer B: 10 mM Tris-CI. pH 7J5, 2 M NaCI 



25 Rgure 6: 

Analysis of the purified o-amylase protein from extracellular medium of S. cerevisiae MC34 transformed 
with the plasmid pYc1-a by SDS-PAGE u<«K»iurriiea 

30 Lane a: purified o-amylase 

Lane b: molecular weight standard proteins 

mS iTJ^^'^il """^l^ ^-9^«=*°sidase from E ^ (116 kd): phosphorylase b from rabbit 

muscle (97 kd): albumm. bovine (66 kd): albumin, egg (45 kd): carbonic anhydrase from bovine erythrocytes 
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Rgure 7 : 

Thin layer chromatography of starch hydrolysis products. 



The o-amylase activity of culture supematants on souble starch after 2 hours at 40«C was additionally 
charactenzed and detennined by a thin layer chromatography of the reaction products using Wes Igel 60 
from Merck. The chromatography was done with 2:2:1 acetone - isopropanol - 0.1 M lactic acfd «)lvent 
JI^T' ^^'°'^^^09ram was developed using naphtoresordnol as described by Touchstone & Dobbins 



' ^* ^ 'Figure 8:' ~ " ^ ~ " ' = " ^ — ■ 

50 Construction of S. alluvius plasm ids 



A a: The plasmid YRp7HIS4 which was isolated from a genomic Sau3A Gbrary of S. castellfi DNA in 
the plasmid YRp7 (Struhl et al. 1979) by complementation of the his4.519 mutation of S^ci^S^Jiiiie AH22 

« "^u^fft ^"""^ ^""^ relrgated. One of the resulting plasmids {YpRHIS4) contains a 1^ kb 

55 BamHI/Clal fragment from the his4 region of S. castellii in YRp7. 

b: Deletion of the 1 .45 kb ArSl-TRPl-EcoRI fragment from the plasmid YpRHIS4 
c: Insertion of the 5 kb AMY-EcoRI fragment into the plasmid pBRSwARSl. 
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d: Isolation of th 3^ kb TRP5-BamHI fragment from the plasmid pYASi by preparative gel electrophoresis, 
e: Insertion of the 3J2. kb TRP5-BamHI fragment into the plasmids YpRHIS4, pBRSwARSi and 
pBRSwARSl-a. 

8 The plasmids YRp7TRP5-A and -B were constructed by inserting the 3^ kb TRP5-BamHI fragment 
5 from pYASi into YRp7. Plasmids with both orientations (-A and -B) of the fragment were obtained. 

C The plasmids pEK2TRP5-A and -B were constructed by inserting the 3.2 kb TRP5-BamHI fragment 
from pYASi into the K. lactis vector pEK2 in both possible orientations (-A and -B). 



TO Rgure 9: 

Copy number estimation of the plasmid YRpJD2 in S. alluvius NGA23 and in S. cerevislae X3656 2D. 

A Ethidium bromide stained plasmid and yeast minilysate DNA separated in a 0.7 % agarose geL 
15 8 AutoradiogrOT after Southemblot and hybridisation with nick translated YRpJDI Dr4A (48 hours 

exposition at -70 •C). 

C Autoradiogramm of lanes after 312 hours exposition at -70**C 

D Map of the hybridisation probe YRpJDI (thin line: pBR322: open boxes, S. cerevislae DNA; black 
box, castelfii DNA). 
20 Lanes a-c, control plasmids; a: YRpJDI EcoRI 
b: YRpJDI uncleaved 

c: YRpJD2 uncleaved. ^ 
Lanes d-g. yeast minilysate DNA; c*-f, DNA of S. alluvius NGA22: YRpJD2 fransfonmants, d and f, cleaved 
with EcoRI; e and g, uncleaved; h and i, NGA23:YRpJDl DNA cleaved with EcoRI (h) and uncleaved (i): i 
25 and k. DNA of untransformed NGA23 cleaved with EcoRI (j) and uncleaved (k); I and m. Df^ f a 
cerevisiae X3656 2D : YRpJD2 fransformant cleaved with EcoRI (1) and uncleaved (m); n-q. DNA of 
untransformed X3656 2D cleaved with EcoRI (n and p) and uncleaved (o and q). 



30 Figure 10 : 

Copy number estimation of different plasmids in alluvius NGA23. 

A EHiidium bromide stained EcoRI fragments of confrol plasmids and yeast minilysate DNA after 
35 separation in a 0.7 % agarose gel. 

B Autoradiogram after Southem bot and hybridisation with nick translated YRp7HIS4 DNA (15 hours 
exposition at -70 •C). 

C Autoradiogram after 6 hours (lanes a-d) and after 125 hours (lanes e-p) exposition at -70*C 
respectiveiy (faint bands in lanes j and m and the position of the bands of the chromosomal HIS4 locus are 
40 indicated by arrows). 

D Scheme of the homologies of YRpJDI and the choromosomal Schwanniomyces HIS4 region to 
the hybridisation probe YRP7HIS4. 

lanes a-e. control plasmids: a, pEK2TRP5-A; b. YRp7TRP5-A, c, pYASl; d. YRpJDI; lane e. DNA of 
untransformed S. alluvius NGA23; lane f, DNA of untransformed S. castellii 26076; lanes g-p/DNA of S. 
45 alluvius NGA23 transformed with : g, YRpJDI; h and j, YRp7TRP5-A; i, k and I. YRp7TRP5-B; m, 
pEK2TRP5-A; n.pEK2TRP5-B; o and p, pYASI (DNA in lane o is uncleaved). 

Rgure 11 : 

50 

Comparison of the copy number of SwARSi and ARS1 plasmids in S. alluvius and S. cerevisiae . 

A Ethidium bromide stained EcoRI fragments of confrol plasmids and yeast minilysate DNA after 
separation in a 0.7 % agarose gel. 
55 B Autoradiogram after Southem bot and hybridisation wrth nick translated YRpJD2-aDNA The 

position of the 2.0 kb band of the chromosomal S. cerevisiae TRP5 locus is indicated by an arrow. 
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lanes a-d. control plasmids: a. pCJD5-1: b. YRpJD2-o; c. YRpJDl; d YRpTTRPS-A; 
IrrYRp^D^'ar " ' ' ' "ntransformed; g. transformed with pCJD5.1: h. transformed 

" ^^^^^ ^' untransformed; transformed wrth: k. YRpJD2-a: 1. YRpJD2: m. 

!!2®tr^l'« - cerevisse X3656 2D. fransformed wrth: n. YRpJD2.a; o. YRpJD2; p. YRpJDI- a 

YRp/i MP5-A; lane r, untransformed. ' ^' 



In vivo labelling of extracellular proteins from S. alluvius NGA23 transformants. 

The transfomiants were grown under repressed and induced conditions (see Rgures 4a b and c) in 1 
75 ml culture Mer addition of 100 uCI ^methionine (800 Ci/mmol). After incubation at 30'C for different 
times (18. 22 28. 43 and 90 hours) 30 ul of the celHree supernatant were'analysed by SDS-PAGE and 
autoradiography. 

a. NGA23:YRpJD2 in YNB. 2 % glucose (repressed): 

b. NGA23:YRpJD2 in YNB. 2 % maltose (induced); ' 
20 c. NGA23: YRpJD2-a in YNB. 2 % glucose repressed); 

d, NGA23:YRpJD2-o in YNB. 2 % maltose (induced). The positions of tine molecular weight standard 
proteins (see Rgure 6)are indicated by an-ows. 



25 Rgure 13 : 

Restriction map and restriction analysis of the cosmids pCJD5-1 and pCJD5-2. 

A Restriction map 
30 B Restriction fragments separated in a 0.7 % agarose gel 

lane a, lambda DNA cleaved witii EcoRI and Hindlll; 
lane q. lambda DNA deaved with Hindlll; 
from left to right 

plasmids YRpJD2. pCJD5-1. pCJD5-2: 
35 lanes b. c. d. cleaved witii EcoRI; 
lanes h. i, j, deaved with BamHI; 
lanes k, I, m. cleaved with Bglli; 
lanes n, o. p, cleaved with Pvull. 
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Rgure 14 : 

Restriction map of the piasmid pKARS2-a. - . 

The 5 kb AMY-EcoRI fragment from piasmid pYc1-a was inserted into tiie single EcoRI site of the 
plasmid pKARS2-d. 
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/A.-^.^ Restriction map of tiie two subdoned fragments containing the functional glucoamylase gene 
(AMG). ^ ^ ^ 

B The AMG fragments were subdoned into the S. alluvius- S. cerevisiae vector pCXID5-1 resulting in 
pCJDS-AMGl and pCJD5-AMG2, into tiie S.cerevislae-S.pombe vector pJDB207 resulting in pJDB207- 
AMG1 and pJDB207-AMG2. and into the K, lactis vector pEK2, resulting in PEK2-AMG2, ' 
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Figure 16 : 

Inactivation of glucoamylase at differ nt temperatures. 

5 

Rgure 17 

The nucleotide sequence of glucoamylase structural gene and flanking regions. 

10 



Table I 

Comparison of preferred codon usage in S. cerevislae and 
Schwann iomyces castellii , * 

amino preferred codons preferred codons 





acid 


in S. 


cerevisiae 


in S. 


castellii 


35 


ala 


GCU. 


GCC 


6CU, 


6CG 




ser 


UCU. 


UCC 


UCA, 


UCC, AGC, UCU, AGU (no clear 




thr 


ACU. 


ACC 


ACU, 


ACC. ACA preference) 


30 


val 


GUU, 


GUC 


GUU; 


GUA, GUC, GUG 




ile 


AUU. 


AUC 


AUU; 


AUC. AUA. AAU (no clear preference) 




asp 


GAC 




GAU, 


GAC 


35 


phe 


UUC 




UUC, 


UUU (no clear preference) 




tyr 


UAC 




UAU, 


UAC 




cys 


UGU 




UGU 




40 


asn 


AAC 




AAU, 


AAC 




his 


CAC 




CAU, 


CAC 




glu 


GAA 




6AA, 


GAG 




gly 


G6U 




GGU. 


GGA 


45 


gin 


CAA 




CAA 






lys 


AAG 




AAA 






" " pro~ 


- XCA 




CCA, 




SO 


leu 


UUG 




UUG. 


UUA. CUU 




arg 


AGA 




AGA 
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Table II 

Transformation frequencies obtained with the modified method for 
strains of different yeast genera. 



Species Strain Plasmid Replicator Marker Transfonnants 
per gg DNA 



s. 


alluvius 


NGA19 


YRpJDI 


SwARSI 


TRP5 


300 




1000 


s. 


alluvius 


NGA23 


YRpJDl 


SwARSl 


TRP5 


300 




1000 


s. 


alluvius 


HTR36 


YRpJDl 


SwARSI 


TRP5 


300 




1000 


s. 


cerevisiae 


AH22 


YRp7HIS4 


ARSI 


HIS4 


500 




2000 


s. 


cerevisiae 


X3656 


YRpJD! 


ARS1 


TRP5 


500 




2000 


s. 


cerevisiae 


X3656 


pYASI 


Zm 


TRP5 


1000 




10000 


s. 


cerevisiae 


GRF18 


pYcl 
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1 
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Table IV 

Transfomation frequencies, mitotic stabilities and average copy 
number of the plasmids YRp7-TRp5. YRpJDl and YRpJDZ in S. alluvius 
NGA23 and S. cerevisiae X3656. 



Plasmid 



Origin 



Transformants 
per pg DNA 



loss of plasmids 
after 15 
generations in 
non-selective 
medium 



average copy 
number per 
cell 



S.all. S.cer. S.all. S.cer, 

NGA23. X3656 NGA23 X3656 



S.all. S.cer. 
NGA23 



YRp7-TRP5-A 


ARS1 5- 


■10 500-2000 99 % 80-90 % 


0.2-1 


5- 


-10 


YRpJDI 


ARSI.SwARSI 300- 


•1000 500-2000 80-90 % 80-90 % 


5-10 


5- 


•10 


YRpJD2 


SwARSI 300- 


■1000 500-2000 80-90 % 80-90 % 


5-10 


5- 


•10 



The yeast strains used are as follows: 
Schwanniomvces castellii ATCC 26076.(DSM 3794) 
Schwanniomvces alluvius NGA23 and NGS1. (DSM 3792 and 3793) 
Kluyveromyces lactis SDl 1 . (DSM 3795) 
Schtzosaccharcmyces pombe leu1-32. his5-303. (DSM 3796) 
Saccharomyces cerevisiae GRFIS leu2-3. Ieu2-112, his3-11. his3-15. (DSM 3797) 
Saccharomyces cerevisiae AH22a Ieu2-3, Ieu2-112, his4-519. canl. (DSM 3820) 
Saccharomyces cerevisiae X3656 2D a, ade, arg4-1, his6. leul. trp5. (DSM 3798) 
Saccharomyces cerevisiae his3 Mall* (DSM 3799) 

The Escherichia coli strains used are as follows 

?SS?x^Ds"m3^^^^^ ^^"^ ^^-^^^ P^°A2, lacYI. gaJK2. rpsL20 (Sm^). xy15. mtl- 

Escherichia coli JA221 . recA-1 , leuB6, trpES. hsdR", hsdM+, lacYI . (DSM 3789) 
Escherichia con BHB2688. N205 recA-pmm^3*. efts. b2, red3 Eam4. Sam7]/X (DSM 3790) 
Escherichia ODliBHB2690, N205 recA-pmrn^s*. crts. b2, red^m. Dam15. Sam7yx (DSM 3791) 

The plasmids and cosmlds used are as follows : 
Cosmid pYCl. 
Plasmid pEK2. 
Plasmid YRP7. 
Plasmid pJDB207. 

- ^- - As -far as Ihey-are essentiaHor carrying out th©-present Inventionnnicroorganisms as mentioned ^above- 
have been deposited with the Deutsche Sammlung fur Mikroorganismen (DSM). 

A complete medium for yeast strains was YEPD (2% bactopeptone. 1% yeast extract, 2% glucose). 
Mmrmal medium contained 2% glucose and 0.67% yeast nitrogen base without amino acids (Difco) 
supplemented with the appropriate amino acids, 

Schwanniomvces cells were grown in 2% soluble starch instead of glucose. 

Starch femienting yeast strains were screened for o-amylas and hence halo formation on YNB minimal 
medium plat s containing 1% glue se. 1% soluble starch and 2% agar. The halos were developed by 
incubating the plates in an iodine saturated chamber for a few seconds. 

Bacterial ceHs were grown in LB medium (0.5% yeast extract. 1% tryptone. 1% NaCI). When required, 
ampiciinn was added to a final concentration of .150 ug per ml. tetracycfine to 20 itg per m! respectively. 
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Bacterial transfoimation was carried out as described by R.W. Davis et al. (1980). 

Yeast transformations were perfonmed according to the procedure described in this paper. 

Throughout this application, various pubOcations are ref renced by the name of the author and date of 
publication within paranth ses. Fuil citations for these references may be f und at the end of the 
specification as an annex. listed in alphabetical order immediately preceding the claims. The disclosures of 
these publications in their entireties are hereby incorporated by reference Into this application in order to 
more fully describe the state of the art as known to those skilled therein as of the date of the invention 
described and claimed herein. 

Plasmid DNA was purified either by CsCI gradients centrifugation (Maniatis et al., 1982) or by rapid 
alkaline extraction of plasmid DNA as described by Bimboim and Doly (1979). 

Yeast crude extracts were prepared by the method of Schatz (1979). 

Yeast minilysates were prepared by the method of Sherman et al.(1983). 

DNA fragments were isolated by "low melting agarose" procedure as described by Gafner et al. (1.983). 



Methods used for carrying out the invention 

DNA sequencing was carried out as described by Maxam and Gilbert (1980). DNA was nick translated 
according to Rigby et al. (1977). 

Southern hybrisidisation was carried out as described by Southem (1975). 

Restriction endonucleases, T4 DNA ligase, E. polymerase I. Klenow polymerase can be purchased 
from Boehringer (Mannheim) and used as specified by the suppliers, tr^p dNTPs and (^^S ) methionine t 
can be purchased for example from Amersham. Zymolyase 5.000 and zymolyase 60,000 can be obtained - 
from Kirin Brew (Japan). Nrtrocellulose filters can be obtained from Schleicher and SchOII. 

The cosmid library of Schwanniomyces castellii DNA was constructed in the Saccharomyces cerevisiae 
shuttle vector pYcl (Hohn and Hinnen. 1980) and in the Saccharomyces cerevisiae-Schwanniomyces 
alluvius- E. coll shuttie vector pCJD5-1 constructed according to this invention as described by Ish Horowicz : 
and Burke (1981). 

Protein concentration was determined by the method of Bradford (1976) with bovine serum albumin J 
used as a standard. The protein was separated by SDS polyacrylamide gel electrophoresis according to the ', 
procedure of Laemmli (1970). \ 

Amylase activity was measured kinetically with an enzymatic colour test, for example^ o-amylase . 
Mercko test, from Merck. The rate of formation of 2-chloro-4-nitrophenol is determined by photometry at % 
405 nm at 37**C in 0.1 M potassium phosphate activity in the sample material. 

Enzyme units (U) are defined as the amount of enzyme catalysing the formation of 1 umol 2-chloro-4- 
nitrophenol x min"^ at 37''C. 

Glucoamyiase activity was measured by a stop assay method: After incubation of the sample in 10% 
soluble starch in 0.05 M KI-bPOi-NaOH (pH 5.0) at 50'C. The amount of glucose produced Is detenmined 
by the glucose dehydrogenase method (system glucose Merck). The quantity of NADH formed is 
proportional to the glucose concentration. 

The enzyme unit (U) Is defined as the amount of enzyme catalysing the formation of 1 umol glucose 
min""» at 50*C. 

Isolated a-amylase from culture supematant of Schwanniomyces castellii forms a halo on agar plates 
containing soluble starch after staining with iodine. Rom these observations, the scheme to clone- the o- 
amylase was based on the assumption that Saccharomyces cerevisiae cells which form no halo can be 
converted to halo-forming ones when a plasmid vector containing the gene for a starch hydrolysing 
enzyme, namely a-amylase. is present To clone the er-amyiase gene, a recombinant cosmid library was 
.^.9.?^?*^, fr9.ni genprnjc^ DN A_ of Schwanniom yces .. castellii .^XCC. .. 26076- XJsing .;ttie _ cosnriid cloning . ... 
technique described above, a genomic library of about 17.000 independent clones could be generated in 
the vector pYcl (Hohn and Kinnen. 1980). The cosmid library was screened for inserts containing the «r- 
amylase gene by transforming Saccharomyces cerevisiae GRF18 to histidine prototrophy and checking for 
the ability to degrade starch. 

Approximately 4500 transformants of GRF18 were screened for their ability to form halos after iodirie 
staining on plates containing leucine, glucose and soluble starch. 13 halo-forming transformants were 
obtained. From these transformants, total yeast DNA was Isolated and used to transform E. Mli JA221 cells 
with selection for ampicillin resistance. Two different recombinant cosmids containing a 32 kb and a 39 kb 
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fragment of Schwanniomyces castellii DNA respectively were obtained. These recombinant cosmids were 
reintroduced .nto GRFlS^ Th transformants showed the His* and halo-forming phenotyfL rfmto,^ 
stab,l.ty est (Beggs 1978 both cosmid mark rs, th H.S3 and the halo-forming ftinction w^resegregSe^ 
out simultaneously, indicating that both genes were present on the cosmid segregajed 
^T'"* '^"^Zy 32 kb insert was used to identify the DNA region responsible for the 

LLi^fprot^trophy ""^^ " " "^^ ^ ^^"'^^^ 

Pi».^?rn^]T fransformants. total yeast DNA was Isolated and used to transform JA221. 

Plasrnid DNA was .solated from ampicillin resistant E coli transformants. Restriction enzyme anSys s 
revealed that each of these piasmids carries a 5 kb EcoRI Schwanniomvces castellii DNA f r^^e^rn^e 

Sl/t"^' "^y. '''"^J^ '=^'^' 1A). The restric t ion map of the EcoRI 

fragment is presented In Figure IB. m v nu t-wj™ 

c!=. Jk^^""^"^ ^ ^''.^ ^'^^■JJ^^- ^'''='°"ed into the vector pJDB207 (Beggs. 1981) and transformed Into 
^Sn Z^t^nr F^T^ 'S'^'l*'' -^^'^ ^^'^^""S transformants and hence do Z 

Knm.BgtluSs " ^"""^ ^'^^ ^""io"^' --amylase gene spans the 

JSl? 1"*° the molecular weight of --amylase is approximately 61.000 daltons (Wilson et 

al 1982). .t can be predicted that a DNA fragment of approximately 2 kb should contain the function^ 

nPflJ? Pn^^r ""^ ^="'"P«°": DNA sequence analysis was performed according to Maxam and Gilbert 

at ri'iS ! trfr"?n.° n,.l^°™"^^' ^"^""^'^ °' ^ '^'^ ^S'"^"*^ radloactively labelled 

rLTnn f l ^ ^' ^i" o f analysis revealed a 5' noncoding region followed by an open 

reading frame spanning the Sail site. The DNA sequence is presented in Rg 2 

J^^J^l'^J^'' ' K^""°r ^' ^- ^^^^ 25-32 bp upstream and the CAAT box (Benoist et 

aL. 1980) wiiich has been found about 80 bp upstream from the transcription initiation point, are thought to 
be irnportant for transcnption initiation. While the TATA box is present in almost aU examined genes, the 
CAAT box IS not always present. a . 

-lis" ^e^ion of the a-amylase gene there is a perfect TATA box at -89 and a CAAT box at 

In the 5- region of the o-amylase gene, there is a CAAG sequence at position -7. The codon usage of 
the a-amylase is given in Table I. »*>«ao 

f^P*"^^^'"" 2! Sie Schwanniomyces o-amylase gene and secretion of the protein b^ Saccharomy, 



ces 



ho J^l 7 *'f"^°""^ts are not able to grow on soluble starch as a sole carbon source. This could 

be shown to be due to a defect in maltose utilisation. Therefore, the plasmid pYCl-a was used to transfom, 
Saccharomycescerevisiae I«1C34 (his3). having a Mai* pheno-type with selection for starch degradation. All 
histidme phototroph transfonmants were able to grow on starch as a sole carbon source and could form 
halos sunrounding the colony after staining with iodine. For o-amylase activity measurements. MC34:pYc1-a 
transformants were cultivated with selection for histidine prototrophy In YNB medium containing gluawe 
mately T I °' Saccharomyces cerevisiae in unbuffered YNB medium, the pH drops to approx- 

stew?rt {^^/'^ becomes inactivated below a pH of 4 and has a pH optimum at about 6.2 (Sills and 
Stewart. 1984). Therefore, the medium was buffered with 0.1 M citrate buffer pH 6.2 

acti^S""^ °f'^C34pYc1-a;-cnide-e5*act md-ex&^c ^iFarhylase 

o-amylase activity could only be detected in the extracellular culture medium and not in crude extracts, 
indicating that the o-amylase is secreted. The total activity in the extracellular medium decreases at late 
loganthmic growth (Fig. 4D). This toss of enzymatic activity could be explained by proteolytic degradation 
Of e-amylase. because proteolytic activities accumulate during the transition from the loganthmic to 
stationary growth phase (Ferguson et al.. 1973). How ver the stability of o-amylase could not be improved 
by adding the protease inhibitor PMSF. It can therefore only be concluded that the inactivation is not due to 
a senn protease. 
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The total a-amylase activity in the extracellula' medium of stationary grown MC34pYCl-a cells in 
complete medium YEPD was significantly higher, compared to cells grown in YNB medium! The most nkelv 
explanation is the two-fold higher proteolytic activities when Saccharomvces cerevisiae is grown in YNB 
compared to growth in YEPD (Tsai et aJ.. 1973). — — 
5 Sometimes enzymes can be stabilized by the addition of substrate (Katsunuma et aJ., 1972). 
MC34:pYcl-a transformants which are grown in YNB containing soluble starch as a sole carbon source 
showed no difference in the or-amylase activity profile during diferent growth phases, compared to cells 
grown in glucose as a sole carbon source, indicating that the a-amylase could not be stabilised in the 
presence of substrate. 

70 However, it was observed that MC34pYc1-a had an initial lag period in its ability to ferment starch 
either by an induction period at maltose uptake or probably due to a time dependent accumulation of 
secreted a-amylase into the medium. 

From the recent investigations, it could be shown that the o-amylase gene is also expressed and the 
gene product secreted by Schizosaccharomyces pombe and Kluyveromyces lactis. For this purpose. 

'5 Schizosaccharomyces pombe was transformed with plasmid pYcia (Rg.1) and Kiuyveromyces factis with 
plasmid pKARS2-a (Fig. 14a). The former transformants could form halos on starch plates after iodine 
staining. Quantification of the a-amylase system by these two transformed yeast strains is the subject of the 
present investigation. 

Moreover, the a-amylase gene was cloned into a wild type bottom-fermenting brewers" yeast strain of 
20 Saccharomyces cerevisiae var. carisbergensis by transformation with the plasmid containing a-amylase 
gene (pYCl-a) and screening for a-amylase activity by halo fonmation on plates containing soluble starch. 



Isolation and characterisation of the enzymes o-amytase and glucoamylase from Schwanniomyces castellii 

Both enzymes were isolated from the medium of a continuous culture of Schwanniomyces casteHii . 

f^edium: YNB + 1% starch; 20 mM PO4; pH 6.3. 
Conditions: temp. = 30*C; P02 = 70 %; D = 0.15 h~\ 

Yeast cells were separated from the medium by ultrafiltration (UF) and the fitt^e was con^ntrated with 
30 an UF-membrane. cut-off 10.000 D. The concentrated filtrate was loaded on a DEAE-Sephacel column in 20 
mM phosphate buffer, pH 5.6. 

Glucoamylase was eluted from the column between 150-180 mM NaCI, a-amylase was eluted between 
180-250 mM NaCI. Fractions containing enzyme activity were collected, dialysed against 100 mM Ammo- 
nium acetate buffer pH 6.5 and concentrated by Amicon YM 10 filtration. 
35 Aliquots of ± 4 mg of each protein were further purified using HPLC gel permeation chromatography on 
a TSK 2000 SW column using 100 mM ammonium acetate buffer pH 6.5. 

The enzymes purified in this way were tested for homogeniety by SDS-PAGE, resulting in on single 
protein band for each enzyme. 



Preparation of glucoamylase peptide fractions 

Glucoamylase (50 mg) was incubated with trypsine (1 mg) for 24 hr., 37 "C in 50 mM ammonium 
acetate buffer pH 6.5, resulting in ^0% breakdown of the enzyme. Peptides were separated by means of 
45 HPLC on a TSK 2000 SW column and further purified on RPHPLC using 018 and 08 columns. Bution was 
carried out with a gradient system 0-100% acetonitrile. From 5 peptides, the amino add sequence was 
determined (see Rg. 3). 



50 Characterisation of glucoamylase 

MW: 120.000 D 
pH optimum 5.0 
temp.optimum 50**C 
55 Km: 1.0 - 1.5 % dextrin (Serve) 
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pi 3,5 
glycosilated 

activrty repressed by glucos 
temp, inactivation - see Rg. 16- 

5 

Characterisation of o-amylase 

MW 53.000 D 
70 pH optimum 6.0 

temp, optimum 37** C 

Km: 0-004 - 0.07 % soluble starch 



75 Isolation of secreted g-amylase from Saccharomyces cervisiae 

The maximal measurable secreted o-amylase activity from MC34:pYc1-transformants growing in YNB 
rnedium could be obtained from cells of the early logaritiimic phase (Fig. 4D). It is advantageous to isolat 
the a-amylase from extracellular YNB medium instead of COTiplex medium containing yeast extract and 

^KJ^T^*°"tJjf'^''^ ^P®''^*^ ^""^ {a-amylase activity/protein ratio) is significantly higher in 

YNB than in YEPD. 

In addition, since the amount of secreted o-amylase is directly correlated to the amount of actively 
growing yeast cells, a stepwise growth of MC34.T3Yc1nx in YNB (selection on the plasmid). YEPD (optimal 
growth condition), and finally YNB (secretion of a-amylase from a high amount of actively growing cells) 
25 was used for the isolation of secreted a-amylase. In detail, the transformants were grown in YNB medium 
containing glucose. When an optical density of approximately 4 at 600 nm was reached (late logarithmic 
growth phase), the cells were harvested by centrifugation and resuspended in prewarmed (30»C) YEPD to a 
final ODeoo of 7.5. 

After 2 hours growtii at 30-C, the cells were sedimented and resuspended in the same volume of 
prewanmed (SO-C) YNB containing glucose and 0.1 M citrate buffer pH 6^ After 4 hours incubation at 30*»C 
(optical density at 600 nm reached a value of 17). the a-amylase was purified from concentrated 
exfraceliular. medium by means of FPLC ion exchange chromatography using a MonoQ column 
(Pharmacia). The a-amylase protein could be eluted in 10 mM Tris-O. pH 7.5 at 300 mM NaCI usina an 
increasing NaCI gradient (Rg. 5). ^ 

The active protein fraction was concentrated by iyophilisation and analyzed by SDS polyacrylamide gel 
electrophoresis (Rg. 6). The presence of only one band witii a molecular weight of about 55,000 D showed 
that tine a-amylase protein was highly purified by this procedure. 

For enzyme characterisation, the products of starch degradation by the isolated a-amylase were 
analysed by thin layer chromatography (Rg. 7). The products of starch hydrolysis are maltose and large 
amounts of maltotriose and higher ofigosaccharides. Glucose is not produced in detectable amounts This is 
in agreement with tiie above mentioned observation, that GRFl8(Mal-):pYc1-a transformants are not able to 
grow on starch as a sole carbon source. 



30 



35 



40 



^5 Transformation of Schwanniomyces ailuvius 

.^"^ ^® prerequisites for tiie estatilishment of a transformation system is the availability of an 

appropnate mutant wTiich can be TurictionMy cbmplerfiente geneT" ' ' " - * - - 

Various tryptophan auxotrophic Schwanniomyces ailuvius mutants were analysed for their defect in the 

so L-ti7ptophan biosyntiietic pathway. The mutants were tested for having a defect in the last step of L- 
ti-yptophan biosynthesis, namely the condensation reaction of indole and L-serin. which In Saccharomyces 
cerevisiae is catalysed by tryptophan synthetase. [ 
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A defect in this last step leads to an accumulation of indol (Manney et al.. 1969) Th tryotODhan 
auxotrophic mutant NGA23 accumulates indole when grown in YNB mdium. In addition, compared to other 
tryptophan auxotrophs. NGA23 cannot grow on YNB containing indole. It was therefore concluded that- 
NGA23 has a mutation in the tryptophan synthetase gene. NGA23exhibrts a low reversion rate {10-«) and is 
thus suitable for complementation studies with the cloned Saccharomvces cerevisiae TRP5 gene (Carbon et 
al.. 1977) coding for tryptophan synthetase (WaJz et al.. 1978: Zaikin et aJ..1982). The initial Intention was to 
transform NGA23 via integration. 

The transformation experiment was based on the assumption that there is no extensive homology 
between the TRP5 gene of Saccharomvces cerevisiae and ttie mutated t^ptophan synthetase gene of 
Schwanniomyces ailuvius as revealed by Southern hybridisation of nick translated pYASI (Strasser, 1982) 
DNA to chromosomal DNA of Schwanniomyces ailuvius . 

From a partial Sau3A bank of Schwanniomyces DNA in YRP7, a 9 kb DNA fragment was cloned, 
resulting in plasmrd YRP7HIS4 complementing the his4 mutation of Saccharo mvces cerevisiae strain AH22 
(Fig. 8). ^ 

It was asumed that a 1.5 kb BamHI-Clal fragment from this HIS4 region of Schwanniomyces castellii 
should have enough homology to direct Integration into the genome of Schwanniomyces ailuvius NGA23 via 
homologous recombination. Therefore, the plasmid YRpJD2 was constructed (Fig. 8), containing the 
Saccharomvces cerevisiae Trp5 gene as a selectable marker and the 1 .5 kb BamHI-Clal fragment 

YRpJD2 was used to ti-ansform NGA23 by the protoplast metfiod described by Beggs (1978) screening 
for tryptophan prototrophy on YNB plates. Five trarxsformants per ug plasmid DNA were obtained. 

It seemed unlikely that this surprisingly high transformation frequency was dua-to integration events, 
taking into acount thai the plasmid was not linearised prior to transfonmation, which would have increased 
tiie probability for integration (On-Weaver et al.. 1981) and that the regeneration frequency of Schwan- 
niomyces using the protoplast method was lower than 0.1%. 

The transformation of NGA23 with YRpJD2 is based on autonomous replication as was indicated by the 
instability of the Trp* phenotype after growth of the fransformants under non-selective conditions in YEPD. 
After 15 genertions. 80-90 % of the cells had lost the ability to grow on selective medium. 

The autonomous replication was ascertained by transforming E. coii cells with yeast minilysates and 
refransformation of Schwanniomyces NGA23. In addition, Southern analysis showed the presence of original 
YRpJD2 sequences (Fig. 9) and tiius exclude integration of the TRP5 gene as a cause of the tryptophan 
protofrophy. 

No transformants except for some abortive fransformants could be obtained after transformation of 
NGA23 with pYe(trp5)1-53 (Walz et al. 1978).which does not contain ttie 1.5 kg fragment of Schwan- 
niomyces castellii indicating that this Schwanniomyces DNA fragment contains a sequence which allows 
autonomous replication of plasmid YRpJD2 in Schwanniomyces ailuvius NGA23. 

Therefore, it is concluded that the 1.5 kb DNA fragment of Schwanniomyces castellii in the vetor 
YRpJD2 contains an autonomous replication sequence, namely SwARSi . 



Transformation procedure 

The regeneration of Schwanniomyces cells using the protoplast method (Beggs. 1978) for transforma- 
tion is approximately 0.1% Because the regeneration rate or protoplast formation correlates directly with the 
transformation frequency, attempts were made to change the conditions for protoplast fonndtion -using 
different concentrations of heiicase or zymolyase and different incubation times for the transfomnation of 
YRpJD2 into NGA23. 

Using heiicase. no fransformarrts could be obtained. Only by using zymolyase (1 mg/ml) for 30 min at 
with . a . regeneration rate of O.t %. 5 transformants. per ug -VRpJD2 plasmid -DNA could-be obtained— 
Shorter incubation resulted in an increase of the regeneration frequency to approximately 0.5%, but no 
fransformants were obtained. 

These findings demonstrate that the protoplast formation (and not the regeneration frequency and 
hence the enzymatic degradation of the cell wall) is the criti'cal step in the transformation of . Schwan- 
niomyces using the protoplat method. Therefore, the fransformation procedures described by Ito et al. 
(1983) and Klebe et al. (1983) were tested. 

Both procedures do not require the enzymatic degradation of the cell wall. With the lithium sulphate 
method of Ito et al. (1983), no fransformants were obtained. However, using the freeze-thaw method of 
Klebe et al. (1983) NGA23 could successfully be fransfonmed with YRpJD2 plasmid, yielding reproducibly 
50-100 fransformants per ug YRpJD2 plasmid DNA. 
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Using the m thod of KJebe et al (1983). log phas y ast (10 ml) was washed wrth 5 ml of SBEG (1 M 
sorbitol. 10 mM bicine, pH 8.35. 3% ethy! ne glycol) by c ntnfugation at 1000 x g for 3 min at 22'C All 
subsequent incubations were can-ied out at 30^0, The pellet was resuspended in 0^ ml SBEG- and after 5 
mm. 1 to 20 ul plasmid DNA was added. After 10 min, the preparation was placed in a -70'»C freezer for 10 
mm (or longer) and thawed by rapid agitation in a 37»C water bath. 1.5 ml of 40% purified PEG 1000 
(Klebe et al., 1983). 200 mM bicine pH 8.35 (stored frozen) was added; and after a 1 h incubation tiie cells 
were washed with 2 ml 0.15 mM NaCI. 10 mM bicine pH a35. After centrifugation. the Mllet was 
resuspended in 1 ml 0.15 mM NaCI. 10 mM bicine pH 8.35, and plated on selective medium. Using th 
conditions descnbed above, the plasmid DNA is added before the cells are frozen at -70»C How ver th 
possibility of adding the DNA to the frozen cells just before thawing would be of advantage to have 
competent cells at any time for the transformation with any plasmid available. 

The attempts of adding YRpJD2 DNA to frozen cells of the Schwanniomyces alluvius mutant NGA23 
were successful in that the same transformation frequencies (50-100 transformants per ug) as compared to 
the original procedure described above were obtained. 

Klebe et al. (1983) describes that the PEG used is criticaJ for reproducible transformation. Therefore 
Klebe et al.(1983) performed a time consuming PEG 1000 preparation for optimal transformation effia*ency 

To circumvent this tedious procedure, the influence of several PEGs from Sen^ and Roth company 
was tested. Until now. the optimal transformation efficiendes were obtained using PEG 1000 from Roth 
company. Substitution of 1 M sorbitol in SBEG by 1.25 M KCI. 30 mM CaCb leads to an increase in th 
transfonnation frequency by a factor 2, yielding 200 NGA23 transformants per ug YRpJD2 plasmid DNA 

During freezing of yeast cells, the plasma membrane becomes damaged, resulting in a higher 
pemneabilfty: in addition, the degree of cell damage is dependent on the velocity of freezing (Lepock et ai 
1984). Based on tiiese observations, the transformation competence of tiie cells was tested after freezing at 
-70*'C m a freezer (relatively slow freezing), witii dry ice acetone at -78'»C (fast freezing) and witii liquid 
nitrogen -196**C (very fast freezing). 

Using liquid nifrogen, tiie transformation frequency decreased by 40%. whereas the usage of dry ice 
acetone increased tiie yield of transformants by 30% compared to freezing in a -70*C freezer. 

The DNA was added to the frozen cells (stored at -70-C for 10 rriin up to 6 morths) and thawed by 
rapid agitation at 37'»G. Instead of rapid agitation in a 37«C water batii. an Eppendorf mixer, type 5432. at 
37-C was used. This condition for capid agitation during thawing gave tiie best reproducible ti-ansformation 
frequencies. 

Witii tiiese modifications, a transformation frequency of 300-1000 fransfonnants per ug YRpJD2 
plasmid DNA was obtained for Schwanniomyces alluvius NGA23 mutants. 

Witii this simplified transformation procedure, high transfomiation frequencies could also be obtained 
for Saccharomvces cerevisiae . Schizosaccharomyces pombe , and Kluyveromvces lactis (Table II). 



Estimation of plasmid copy number in Schwanniomyces alluvius and Saccharom vces cerevisiae fransfor- 
mants —^—^ 

With our simplified fransformation procedure, Schwanniomyces alluvius NGA23 was ti-ansformed witti- 
pye(trp5)1-53 - containing pBR313 (Bolivar et al.. 1977) and tiie TRP5 gene of Saccharomvces cerevisiae 
pYASI - a 2 uM derivative containing botii tiie LEU2 and TRP5 genes of Sacch aromvces cerevisiae 
(Strasser. 1982) — — -« 

YRP7TRP5 - containing ARSI and botii the TRPI and TRP5 genes of Saccharomvces cervisiae 

YRpJDI - containing both SwARSi and ARSI and botii tiie TRPi and TRP5 genes of Saccharomvces 

cerevisiae ^ 

YRp(JD2 - c6ntairiing"SwAHSl"ariai^^^ -^-^ ' 

PEK2TRP5 - containing botii KARSI and ARSI and tiie TRP5 gene of Saccharomvces cerevisiae 
The plasmids are summarised in Figure 8. 

The transfomiation frequencies and stabilities of these plasmids in Schwanniomyces alluvius NGA23 
are summarised in Table III. The copy numbers of tiie different plasmids were estimated by Southern blot 
analysis (Fig. 9 and 10). 

The chromosomal HIS4 locus representing one copy per cell v^ras used as an internal standard. There 
are tiiree chromosomal EcoRI fragments (0.9 kb, 6.0 kb. 8.0 kb) which hybridize witii 32p.|abelled YRP7HIS4 
DNA. The homology of ttie chromosomal HIS4 locus and of the YRpJDl plasmid to tiie hybridisation probe 
YRP7HIS4 is represented in Rgure 10D. 



17 



0 260 404 



For copy number estimation of the plasmids pYASl , YRP7T/p4, YRpJDl , (YRpJD2) and pEK2TRP5 
the intensity of the common 5.3 kb EcoRI band was compared with the 6 kb EcoRI band of the' 
chromosomal HIS4 gene. 

The intensity of staining in the autoradiogram reveals that the plasmids YRpJDl and YRpJD2 have a 
copy number of about 5-10 copies per cell (Rg. 9 and 10).. 

Both the plasmids YRP7TRP5 and pEK2TRP5 have about the same average copy number per ceiC 
which is in the range of about 0.2-1, independent of the orientation of the TRP5 fragment whereas pYASi 
exists in about 2-3 copies per cell (Rg. 10). 

ARS1 and 2 urn DNA sequences of Saccharomyces cerevisiae can be used for autonomous replication 
in Schwanniomyces alluvius NGA23 although not as efficiently as SwARSl. SwARSi Ijehaves in Schwan- 
niomyces alluvius as ARS1 in Saccharomyces cerevisiae , yielding 5-10 copies per cell (Rg. 11, TabI IV). 
The plasmid YRpJDl which has the ARS1 element in addrtion to SwARSl element, showed no increased 
copy number as compared to YRpJD2. which only has the SwARSl element The plasmid pEK2TRP5, 
which has the KARS2 element in addition to the ARSl element has the same copy number as the plasmid 
YRpTTRPS. which only has the ARSl element It is therefore assumed that KARS2 cannot serve as an 
efficient autonomous replication element in Schwanniomyces alluvius . 

The transformation of Schwanniomyces alluvius NGA23 with pYe(trp5)1-53 (Walz et al., 1978) can be 
explained by an abortive transformation event concerning the high instability of these transformants (Table 
III). 



Regulation of the cloned Schwanniomyces castellii o-amylase gene and over-production of tfie protein in 
Sch wanniom y ces alluvius transformants 

The production of cx-amylase in the yeast species Schwanniomyces underlies catabollte repression in 
the presence of glucose (Sills et al., 1982). 

The synthesis of a-amylase is induced by soluble starch dextrins and maltose (Sills et al., 1982). 
Maltose, which is part of the products after starch degradation, was found to be a stronger irwlucer than 
soluble starch (Sills et al.. 19d4b). It appears that a very tow basal level of amylase is constitutiv ly 
produced. This low level of or-amylase can hydrolyse starch, releasing low molecular weight sugar such as 
nriaitose. which can penetrate the cell membrane and in tum induce the synthesis of a-amylase (Sills et al^ 
1984b). 

To study regulation and expression of the cloned o-amylase gene in Schwanniomyces alluvius , the 5 kb 
EcoRI fragment containing the structural (x-amylase gene was inserted into the YRpJD2 (Hg. 8), resulting in 
plasmid YRpJD2-a and transformed into Schwanniomyces alluvius NGA23 with selection for tryptophan 
prototrophy on YNB plates. 

As it is shown in Rgure 5B. the total o-amylase activity of NGA23: YRpJD2-a transformants growing 
under induced condition in YNB maltose medium is increased 4-5 fold compared to c on tr o l transformants 
NGA23: YRpJD2 which do not corrtain additional plasmid encoded cr-amylase (Rg. 4A). 

During the induction phase of o-amylase synthesis, the drastical 7-fold increase in extracellular cr- 
amylase activity per cell concentration (ODeoonm) compared to control transformants. conrelates with the 
estimated 5-10 copies of SwARSl plasmids in Schwanniomyces alluvius . 

h is therefore concluded that the increase in o-amylase activity is due to a gene dosage effect 

When the NGA23:YTlpJDl and NGA23:YRpJD2 transformants were grown under repressed con^itiorts 
in YNB containing 2% glucose, no o-amylase activity could be measured in the extracellular medium until 
the glucose concentration dropped to about 0.2 mf^^ (Rg. 4C and E). Thus the plasmid encoded o-amylase 
is regulated by catabollte repression as chromosomal o-amylase. 

, . . By .construction ,QLthe ,OT.amylase. structural gene. under._contrpl of . a high-expression - promoter _-as e.g. - 
that of PDC1 or PGK genes, higher expression strains independent of growth stage and C-source can be 
obtained. 

The overproduction of the o-amylase protein was shown by analysis of in vitro labelled proteins of the 
culture supernatant by fluorography (Rg. 12). o-amylase activity could be measured in the extracellular 
medium of MC34:pYC1o transformants under growth in YNB containing 2% and also 4% glucose as a sole 
cartoon source indicating that the plasmid encoded o-amylase is not regulated by catabollte repression in 
Saccharomyces cerevisiae . 
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Isolation of auxotrophic mutants of Schwanniomyces alluvius 

For prosecuting the cloning of the glucoamylase gene, the functional complementation of a 
glucoamylase mutant of Schwanniomyces alluvius was chosen. 

A prerequisite is the availability of an appropriate mutant which can be complemented by the cloned 
gene For the purpose, a Schwanniomyces alluvius mutant NGS1 which is not able to grow on maltose or 
soluble starch as a sole carbon source was analysed. When this mutant was grown on plates containing 1% 
glucose and 1% soluble starch, halo fonnation could be" observed after iodine staining. Indicating that a- 
Stture su'^matent'^^*^ """^^ glucoamylase activity could be detected in cnide extracts and 

As already mentioned, a-amylase can hydrolyse starch into dextrin, maltose and higher oligosac- 
chandes (Fig. 7). whereas glucoamylase can use these products as substrates for the enzymatic hydrolysa- 
ton into glucose. The interesting feature of the NGSl mutant is the inabilrty to grow on mattos The 
Schwanniomyces alluvius wild type secretes glucoamylase which hydrolyses maltose to glucose in th 
extracellular medium, and hence, in contra to Saccharomvces cerevisiae. has no need for a maltose uptake 
system, ft ,s therefore concluded that NGSt.is an o-amylase* glucoam'ylase- mutant in having no 
funcbonaJ glucoamylase either by a point mutation in the structural gene, or in the promoter region 

We have focused our attention on this^^glucoamylase mutant to done the glucoamylase gene of 
Schwanniomyces castellii by functional comafementatinn 

For cloning purposes, an additional mutation had to be introduced into the o-amylase* glucoamylase" 
mutant. preferentially a trpS mutation (leading to a defect in the indole tryptophan reaction) because 
Schwanniomyces alluvius could be efficiently transformed using the TRPS gene of Saccharomvces 
cerevisiae as a selectable marker on SwARSI containing plasmids e.g. YRpJDl and YRpJD2. In addition 
these mutants can easily be identified by their property of indole accumulation. 

For the isolation of trp5 auxotrophic mutants, all procedures were carried out at 30«C 10 ml NGSl 
culture was grown to ODax)= 0.6 in complex medium, washed twice with H2O and exposed to UV light (254 
nm) for 50 seconds (1% survivals). The mutagenised ceDs were then incubated for 2 days on complex 
medium for segregation of the trp auxotrophs and plated on YEPD plates for repfica plating on minimal 
medium containing tryptophan and on minimal medium plates containing all amino acids but no tryptophan. 

From 2614 NGSl colonies tested. 7 trp auxotrophic mutants which grow on minimal medium containing 
tryptophan but not on minimal medium containing all amino acids except tryptophan, could be isolated 
(reversion rate lO'^ -10-»). Two of these seven mutants could be analysed to be defective in the indole 
tryptophan reaction since both were accumulating indole. 

These trp5. o-amylase+glucose" mutants were designated NJDl and NJD2- These two strains could be 
efficiently transformed with YRpJDl yielding approximately 800 transformants per ug DNA.indicating that 
NJDl and NJD2 are really mutated in the TRPS gene. 

Further cloning procedures can be earned out in an analogous manner as with the a-amylase gene. 



Construction of an E. coli - Saccharomvces cerevisiae - Schwanniomyces alluviu.s rnsmiri sh.rttia vector for 
cloning genes in Schwanniomyces alluvius 

in analogy the the cosmid pYcl (2u) and pYc2 (ARS) which were constructed for cloning genes in 
Saccharomyces cerevisiae (Hohn and Hinnen. 1980). a cosmid for cloning in Schwanniomyces alluvius was 

constructed. ' 

Cosmids are plasmids which contain the cos (cohesive sequence) region of bacteriophage lambda 
(Collins and Hohn. 1978) as well as the essential sequerK:es for cloning (replication origins, a g ne as 
selectabte markfer ancf -suitable cloning- sites) ' The- cos ' sequisnce- comprise th^ ^sthjcfurar^ infbirri^ 
necesary for packaging the DNA to produce an intact bacteriophage lambda (Hohn. 1975). High molecular 
ohgomeric cosmid DNA can therefore be efficiently packaged by an in vto^ packaging system (Hohn. 
1979). if the cos sequences are separated by any 37-52- kb DNA fragments con-esponding to about 73% to 
105% of the lambda phage genome (Feiss et al.. 1977). The relatively large size of clonafale fragments 
presents the possibility that only about 1.200 cosmid clones containing fragments with an average size of 
about 30-40 kb are necessary to encompass the genome of Saccharomvces cerevisiae by mor than 95% 
(Hohn and Hinnen. 1980). " 
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For cloning large DNA fragments, the advantage in using cosmid instead of plasmid DNA is that 
relatively high molecular oligomeric DNA can easily l>e obtained by ligation of highly concentrated DNA, 
whereas the efficiency to form circular transformable plasmids by ligation of large DNA fragments with 
smaller vector DNA is disadvantageous because of the relation between the fragment size arxJ effective 
concentration of free ends (Dugaiczyk et a!., 1975). In addition, the packaged DNA can effidentiy be 
transduced by infection of lambda sensitive E.coli cells (Hohn and Hinnen, 1980). 

Based on these observations, an E. coll -Schwanniomyces alluvius -Saccharomyces cerevisiae cosmid 
shuttle vector was constructed by subcloning the 1.7 kb Bglll fragment of plasmid pHC79 containing the cos 
region (Hohn and Collins. 1981) into one of the two BamHI sites of YRpJD2. YRpJD2 was therefore partially 
digested with BamHI (0.5 unrts/ug DNA at 30»C) and the resulting largest linear DNA which arises from a 
single cleavage by BamHI was isolated by preparative gel electrophoresis and ligated with the 1.7 kb Bglll 
fragment of pHC79, which has also been isolated by preparative gel electrophoresis after complete 
digestion of pHC79 DNA. This figation mixture was used to transform E. Mtli JA221 , selecting on ampidlGn 
resistance. Subclones were screened by colony hybridisation using the nick translated 1.7 kb Bgll fragment 
as a radioactive ptvbe. 

From the positive clones, two different cosmids. namely pCJD5-1 and"pCJD5-2 (Fig. 13a) couW be 
isolated and analysed after cleavage with EcoRI. BamHI and Pvull restriction enzymes (Fig. 13b). FSgure 
13b demonstrates that in cosmid pCJD5-1, the cos sequence is subctoned into the BamHI site of YRpJD2 
between the SwARSi sequence and the -TRP5 gene. In pCJD5-2. the cos region was inserted in tandem at 
the same position. The existence of two. in tandem, orientated cos elements should drastically increase the 
packaging efficiency compared to cosmids which contain only a single cos element (Lindenmeier et al., 
1982), Up till now, it was not tested whether this is also the case for pCJD5-2, 

With cosmids pCJD5-1 and pCJD5?2, 500-1000 NJDl transformarrts per ug cosmids DNA were 
obtained by selecting on tryptophan, indicating that the cos element does not influence the transformation 
frequency. Both cosmids contain 

(a) the SwARSi sequence which acts as replication origin In Schwan niomyces alluvius as well as 
Saccharomyces cerevisiae 

(b) the origin for replication of E. cofi ; 

(c) the ampicillin resistance gene as selectable marker in E. coli ; .j: - 

(d) the TRP5 gene of Saccharomyces cerevisiae as selectable marker in Schwanniomyces alluvius 
as well as in Saccharomyces cerevisiae trp5 mutants; and 

(e) the cos region as prerequisite for the construction of a cosmid library. 

In additi'on, both cosmids contain suitable cloning srtes. namely BamHI and Sail for cloning Sau3A, 
BamHI. Bglll. Sail and XHOI fragments, and hence provide a new class of cosmid vectors for the 
construction of a genomic DNA library to clone genes in E. cofi , Saccharomyces cerevisiae and 
Schwanniomyces alluvius . 

Cloning of the glucoamylase gene from Schwanniomyces castellii 

The cloning of the glucoamylase gene was started from a Schwanniomyces castellii ATCC 26076 
cosmid pool which was established by ligating partially BamHI digested genomic DNA of Schwanntomyces 
castellii into the E. coli ^ Saccharomyces cerevisiae ^ Schwanniomyces alluvius shuttie vector pCJ05-1 
using the cosmid cloning technique described by Ish-Horowicz et al., 1981. 

After in vitro packaging of the DNA ligation mixture, E. coli strain HB101 was irrfected, yielding 
approximately 15.000 ampicillin resistant colonies corresponding to approximately 30 genome size equiv- 
alents of Schwanniomyces castellii assuming the same genome size for Schwanniomyces castellii as for 
Saccharomyces cerevisiae (approx. 1 5>000 ,kb) and-a. cloned DNA fragment ranging ^botween^ 30 and-40 kb - 
in size. From these transductants. cosmid DNA was isolated and used for the transformation of NJDl (o- 
amylase*glucoamylase"trp5)with selection for trp prototrophy on minimal medium containing 2% glucose. 

The transformation frequencies using both the protoplast method (Beggs, 1978) and the simplified 
freeze thaw method was relatively low (1-10 transform ants/ug cosmid DNA). Nevertheless approx. 3,000 
transformants could be obtained which were screened for their regained ability to grow on soluble starch as 
sole carbon source. One NJDl transformant which has a Trp+ and glucoamyalse* phenotype could be 
isolated from starch plates. In a mitotic stability test (Beggs, 1978). txrth the TRP5 phenotype and the 
glucoamylase complementing functions were segregated out simultaneously indicating that both genes 
were carried by the cosmid. The cosmid was rescued by transforming E. cofi HB101 with yeast minilysate 
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and selection for ampicillin resistance. Cosmid DNA was isolated and used for retransformation of NJDI to 
ascertain that the glucoamylase complementing function is stifl carried by the isolated cosmid DNA. After 
cleavage of the cosmid with BamHI, two BamHl sites could be localised within the cloned fragment 
dividing it into the three fragments, two of them being of approx. 10 kb and 12 kb. 

In order to decrease the size of the approx. 40 kb size cosmid. BamHI fragments were subcloned into 
the single BamHI site of pCJD5-1 plasmid. Therefore, the cosmid DNA was digested with BamHI religated 
and transformed into E, coli HB101. The plasniid DNA from ampicillin resistant cells was used to 'transform 
NJDI and to screen for growth on soluble starch as a sole carbon source. Plasmid DNA was rescued by 
transforming HB101 with yeast minilysate and selection for ampicillin resistance. Plasmid DNA was isolated 
for restriction analysis after digestion with BamHI endonuclease. 

Figure 15 demonstrates that the glucoamylase comlementing function is carried by the 12 kb BamHI 
fragment, subcloned into pCJD5-1. This plasmid is designated pCJDS -AMG1 (Fig. 14). Since this plasmid 
contains the SwARSi element acting in Saccharomvces cerevisiae as well as in Schwanniomvces ailuvius 
the cloned gene in Saccharomvces cerevisiae was analysed by transforming X3656 selecting on tryptophan 
prototrophy. Unfortunately the transformants were not able to use soluble starch as a sole carbon source 
The first explanation, that the 5-10 copies of pCJD5-AMGl in SaccharomVces cerevisiae are not high 
enough to overcome possible proteolytic degradation, failed, since after subdoning of the approx. 12 kb 
BamHI fragment into the high copy number, plasmid pJDB207 (Beggs. 1981) (Fig. 14) having 50-100 
copies per cell, and transformation of GRF18 Saccharomvces cerevisiae cells, none of the transfomiants 
were able to grow on soluble starch as a sole carbon source. 

Although glucoamylase activity could be measured in NJDI :pCJD5-AMG2 transformants, no activity in 
both crude extract and culture filtrate of Saccharomvces cerevisiae transformants could be detected 
Because Kaufer et al. (1985) have recently shown that Schizosaccharpmyces pombe has a considerable 
advantage over Saccharomyces cerevisiae in accurately excising an intervening sequence from a transcript 
of a. higher eucaryotic gene, attempts were made to express the glucoamylase in this fission y ast 
However, no expression and secretion of glucoamylase could be detected in Schizosaccharomvces pombe 
leul-32 (complemented with LEU2 of Saccharomvces cerevisiae after transformation with plasmid pJDBio^ 
-AfvlGi (Rg. 14). The transformation of the gene into Kluyveromyces lactis SDll(trpl) with pEK2-AMG2 
(Fig. I4)did not lead to transformants which can grow on soluble starch as sole carbon source, ft is 
therefore concluded that a Schwanniomvces gene was cloned which cannot be functionally expressed in 
Saccharomvces cerevisiae . Schizosaccharomvces pombe .' and Kluyveromyces lactis because of different 
splicing specificities, promoter recognition of Schwanniomvces specific post transcriptional processing. 

For further analysis, subcloning smaller fragments of the 12 kb DNA was carried out in order to find the 
smallest possible DNA fragment still carrying the functional complementation property. The molecular 
weight of glucoamylase is approx, 117.000 d (Simoes-Mendes, 1984) corresponding to a long structural 
gene of about 3 kb in length. 

Furthermore, the gene can be sequenced to analyse codon usage and possibly existing introns. 
Additionally, the 5' non-coding leader sequence of Schwanniomvces castellii DNA can be exchanged by a 
well characterised promoter such as the ADH1 (Hitzeman et aJ.. 1981) or PDC promoter (Hollenberg et al., 
1933) to exclude possible inefficiency of the Schwanniomvces promoter in other yeast species. 

In order to characterize the gene, glucoamylase was isolated for the production of glucoamylase 
specific antibodies to assay the crude extracts and culture fiftrate of NJDI as well as Saccharomyces 
cerevisiae or Schizosacch aromvces pombe and Kiuyveromvces lactis transformants for the presence of 
inactive glucoamylase. No promoter activity could be detected in Saccharomvces cerevisiae transfonnants 
by Northern analysis. In addition there was no protein detectable in culture supematants and crude extracts 
of the Saccharomvces cerevisiae transfonnants using a specific antibody raised against glucoamylase. In 
addition, peptides of purified glucoamylase were isolated for amino acid sequencing in order to synthesize 
"synthetic oligonucleotides for andly$7ng the ck3hea gene." 

To exclude cloning artefacts arising from the construction of the Schwanniomyces cosmid library a 
Charon 4A Schwanniomyces castellii library, as desaibed by h4aniatis et aJ. 1982. containing partial EcoRI 
fragments (10-30kb) of Schwanniomyces casteiOi DNA yielding approximate 150000 inserts was screened 
directly for the glucoamylase gene. 

The Charon library was further analysed by two different ofigonucleotlde mixtures which were deduced 
from a part of peptide 3 (amino add 11-18) and from peptide 4 respectively (see Rg. 3). The smallest 
restriction fragment hybridizing with both 5' labelled oligonucleotide mixtures was a, 3.7kb Bglll DNA 
fragment. Si mapping revealed that a complete transcript mapps within that fragment This fragment was 
sequenced by f^axam and Gilbert (1980). The DNA sequence is presented in Rg. 17. 

All five peptide sequences. (Rg. 3) were found within the open reading frame of 2874 bases. 
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The expression of the glucoamylase gene can be achieved by promoter exchange. A Saccharomv cas 
cerevisiae promoter region initiation of transcription and regulation when inserted 5' upstream to the coding 
sequence of the glucoamylase gene. There are no suitable restriction sites in front of the translation start 
point of the glucoamylase gene which could be used for promoter fusions. Therefore, we introduced a 
5 BamHI and Sail restriction site 5' to the translation initiation codon by site-directed mutagenesis by the 
gapped duplex DNA method (Kramer et at (1984)). 

A synthetic ongonucleotide of 42 bases* (5' CTCATGACTGTGTCGACGGATCCAAGATGATTTTTCT- 
GAAGC 30 was annealed to the gapped duplex DNA. Riling up the single stranded areas with DNA 
polymerase (large fragment), ligation and E. coli transfonmation were performed and a recombinant 
70 mutagenized plasmid could be isolated containing a BamHI site at position -9 and a Sail site at position -15 
with respect to the first base of the translation initiation codon. 

From the resultant recombinant plasmid the structural gene can be sub-cloned as a BamHySall, 
BamHI/Hindlll. Sall/Sall. BamHIiPstl. Sall/PstI, BamHl/Xbal and Sall/Xbal in appropriate expression vectors 
fusing the gene with one of the mentioned restriction sites to different promoters. Every other suitable 
75 restriction site can be Introduced by a suitable linker. 

Different expression vectors using different promoters, different selectable markers and different 
replication origins (2u. ARS and CEN) for yeast were constructed. 

For example, the gene was fused to the inducible galactokinase (GALI) promoter in plasmid pBM272, 
which is directly derived from vector pBMISO (Johnston and Davis 1984) by introducing a Hind III site 
20 immediately behind the BamHI site. The DNA sequence of the fusion is as follows: 
5' — upstream activation site 

....GATATATAAATGCAAAAACTGCATAACCACTTTAACTAATACTTTCAACATTTTCGGTTTGTAfTACrr^ 
TATTCAAATGTAATAAAAGTATCAACAAAAAATTGTTAATATACCTCTATACTTTAACGTCAAGGAGAAAAAA- 
CCCCGGATCCAAGATGA I I I I I CTGAAGC....3' 
25 The fragment containing the glucoamylase gene was sut>-cIoned into the vector pBr^72 as a 
BamHI/Sall fragment. The resulting plasmid was transformed into Saccharomyces cerevisiaea MZ4 (agall , 
trpi. ura3. Ieu2). This leads to inducible expression of the glucoamylase gene and to secretion of active 
glucoamylase. 

The amount of activity in the cuiture supematant was in the range which was measured in culture 
30 supematants of Schwanniomyces alluvius grown under induced conditions. 

The glucoamylase secreted by the Saccharomyces cerevisiae transform ant has maximum activity at 
50" C and can be inactivated at 60° C as is the case for Schwanniomyces alluvius glucoamylase. 

The expression of the glucoamylase and secretion of the glucoamylase protein could also be achieved 
under control of the pyruvate decarboxylase (PDC) promoter (Hollenberg et al.. 1983), phosphoglycerate 
35 kinase (PGK) promoter (Dobson et al., 1982). g!yceraIdehyde-3-phosphate dehydrogenase (GAPDH) pro- 
moter of the gene on pgap491 (Holland and Holland, 1979), aJcoholdehydrogenase 1 (ADH1) promoter 
(Hitzeman et al.. 1981). copper-cheiatin (CUP1) promoter (Karin et al,. 1984, Butt et al., 1984) and 
alcoholdehydrogenase 2 (ADR2 or ADH2) promoter (Russell et aJ., 1983. Beier et aJ.. 1985). 

Over production of glucoamylase could be achieved using the PDOpromoter and high copy number 
40 plasmid (2a with Ieu2d). Expression of the glucoamylase gene and secretion of the glucoamylase protein 
can also be delected in Kluyveromyces lactis after fusion of the transcriptional signals of the 4-galac- 
tosidase gene (Breunig et al.. 1 984). 

Expression of the glucoamylase gene and secretion of the glucoamylase protein can also be detected 
in Sch i zosacch arom yces pom be after fusion of the transcriptional signals of the alcohol dehydrogenase 
45 (ADH1) gene (Russell et al.. 1983). 

Expression of the glucoamylase gene and secretion of the glucoamylase protein can also be detected 
in Hansenula polymorpha after fusion of the transcriptional signals of dihydroxyacetone synthase (DHAS) 
„ . , .XJanowicz et.al.. 1985) -methanol oxidase. (M0X).(Ledeboer^aL, t585>.-.-^ .^ ---------- — . . v, -= . ^= -v-. 

In addition secretion of the a amylase could also be detected after exchange of the Schwanniomyces 
50 promoter by the MOX promoter in Hansenula polymorpha . 

The glucoamylase gene was integrated into the chromosom of Saccharomyces cerevisiae without E. 
coli sequences. Therefore, the different promoter-glucoamylase fusions were inserted irrto a suitable DNA 
sequence of Saccharomyces cerevisiae . preferably the homothalism gene (HO) or an ARS-sequence. A 
linear DNA fragment could then be generated which has ends within the Saccharom yces cer visiae 
55 sequences flanking the functional glucoamylase gene. By cotransformation of Saccharomyces cerevisiae 
with YEP 36 (Butt et al.. 1984) the gene could be stably integrated. The integrants exhibit glucoamylase 
activity in the culture supernatant and has the same fermentation and growth properties as the wildtype. 
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Genetically manipulated microorganisms, preferably yeasts, as d scribed above in this soecification . 

cj:.v:iiT'' ^ °' '"'"^"""^ ^""^^^^ '"^^"^^ ^'''"^ - hyd^;;::^iKS"cuTa^ 

One of the possible uses of the genetically altered yeast strains described above is in the Droducfion „f 
. biomasses. Since the yeast strains having the new ability to secrete a-amvia«. =>lw . 

remained there other good fem^entation aJ.ities biomasses'^cS. be^rl^S effide^n^yTif us I!! 

r^iirdTr rr '-^"'^'^^ °^ ^-'^"^""^ ^ ^-^om^Jsre usro^erroiscrm °' 

. .^^^^Z:StrZ:^ ~ and 

^^T^ bTplXe^ye-S? f^ ^^X^ ^l^^TZ IZ^^^ 

^^^'^n 'TTr spray-drying of a liquid yeast composition in air. followed by fSer d^^ig as 

known m tt,e state of the art The inventive yeast, for example, may be prepared J a dried^S ^ 
descnbed ,n GB-PS 1 459 407. 6B-PS 1 459 085 or GB-PS .1 230 205 Any other meth^s k^ ^ J S S 
for^rcKiucng bakers yeast or producing baked products by using the new'yeast of this inv^Tn arfalS 

J!"^ Senelically manipulated yeast strains provided according to this invention are further highly suitable 
for the producbon of ethanol. The preferred organism for the production of ethanol by fe^eSSfSe 
yeast Sac^h^omyces cerevisi^e and the preferred carbohydrate used in the ethanol ^dTc^ionra st^ 

^odu^ nn ?S f^^ ''^'"^ ^'^ '° ^^^^ quantitively is highly advantageous inTe 

producbon of ethanol. The production of potable spirit or industrial ethanol by the use of the oenelcaHv 
manrpulated yeast strain of the present invention can be carried out in a manner kn^wn per se^e 
Td ti'r.HT^.'*"'"^'"' 'I' "'^"■'^ *° concentrated carbohydrate solutions, hrrand tole;aIJe 

Jai^o-rncr ' °' ^ '''' ^^'"^ -Pe,ted recyc^g 

^J^^£'l^\T°^ °' "^^ °' Saccharomvce. cerevisiae . being able to produce 

o-amylase and giucoamylase .s the production of special beers. preferr^wTto^Tcarbohydrate beera 2 
JdTf T?T^ ^P^'=«'^«°" ^o.e. one technique for producing low carbohySe^L^s was to 

me ^nS^^^^T^ *° ''""■"^ fermentation. Becaue 70% to fs'/o of the dextrins inTort of 

the branched type, debranch.ng enzyme is essential for total hydropses of wort dextrins to ferment^le 
sugars. The giucoamylase. produced by the new genetically- manipulated sScharTmvces ZSS 

l^^S^'Jf"'''"?.^''^ "^'^''^'^ '^'"''y^^ co mpletely. ^^imp o^Sr- 

actenstic of the amylolytic enzymes produced by the new yeast Saccharom vces cerevisiaTis fheh- 
sensitivrty to the normal pasteurisation cycle employed in brewing ^ cerevjsjae is their 

w^tJ^/n^!.?'"!?'",^'^''^'"^ "^^'^ ^ °' ^9®^- '"awns. Where barley is soaked in 

wmer and allowed to gemi.nate and during this step amylase is released which converts the Jarch from the 

h oir .H^r- "^'^ ^«P- 9^^"s removed by filtration and the resutting^uW wTrt is 

of ""--^f '^^^ '''"^^ ^^"""9 the enzymatic inversion 

of Starch to sugar ,s stopped. Next, the wort is cooled and filtered to remove the precipiSed protJns -iSn 

pSeuS " " ''"^'"^ '^'^ ^''"^ """^"'^ canned^d 

In order to produce a low-calorie beer, it is desirable to consume as many of the carbohydrates as 

orod'uce Sacharom^'ce^J^ 
produce a-amylase and glucoamylse is highly suitable. . ^ 

Pat^ttTnS°--w^ff^-'!?«- --!°'^^^^ 9^"«^'y « described in the European 

or e^^lnsi^JSH. ^'l^^^f f."^^ «'^«-ing steps can be carried out without any time-consuming 
thP n=! oL r amylolytic enzymes. Carrying out the brewing process as known in the art, using 

?p.r n J!«kI" ^ manipulated Saccharomyces cerevisiae according to this Invention, results in a specif 
Loi'^^l f ^- '"'^^"''^'''^'^ '"^-'^torie beer depending on the degree of the femientatiWaf 
to ! mo« i hT^ process, using the Saccharomvces cerevisiae of this invention is decreased in time due 
to a more rapid decrease in Es at the end of the fermentation process. 
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Using the Saccharomyces cerevisiae of this invention, the manufacturing process can be adapted for 
the production of a beer from a high gravity wort, the carbohydrate level of which can be regulated by a 
predetermined f rmentation time and dilution thereafter. Furthermore, the manufacturing process may be- 
adapted for the fermention of substrates, the constituent of which are for a considerabl part suspended 
hydrated carbohydrates. The genetically engineered Saccharomyces cerevisiae can be brought into 
contact with the fermented wort subsequently to main fennnentation but prior to conditioning. 

A more detailed description of the production of a low-calorie beer Is now given in the followina' 
examples. 



Example \ 

Brewers' wort was prepared using conventional breweing techniques in such a way that 80% of the 
extract in the wort was derived from brewer's malt and 20% derived from com grits. This wort had an 
original gravity of 11.7 "P. 3 litre fleakers were filled with 2.5 litres of aerated wort and pitched with 1^ g/l 
wet yeast of a genetically manipulated Saccharomyces cerevisiae lager brewing strain, which had received 
by transformation the o-amylase and/or glucoamylase gene (s) from Schwanniomyces castelln . Both, 
enzymes were secreted by the transformed yeast strains. As a control the original production lager strain of 
Saccharomyces cerevisiae was used. 

Fermentation was allowed to proceed at a controlled temperature of 9*C under anaerobic conditions r 
and with mechanical stining due to the small volume of fermentation. At the end of the fermentation, the 
beer was cooled to 0**C. yeast was separated from the beer and analysed for residual extract and % 
ethanol. Also a typical gas chromatogram of the green beer was made to determine the amount of esters: 
and higher alcohols. 

Analysis of the green beer fermented with the original lager brewing strain (A), the genetically-, 
manipulated brewing lager strain, secreting a-amylase (B) or glucoamylase (C) or both enzymes cr-amylase^ 
and glucoamylase (D). 
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5 






A 


D 
D 


C 


D 




original gravity 




11.70 


11.53 


11.60 


11.57 




ethane 1 % w/w 




3.99 


4.02 


4.72 


4.74 


70 


apparent extract 




2.14 


1.88 


0.30 


0.22 


apparent degree of 














fermentation % 




fti y 


OO./ 


97.4 


98.1 




real extract °P 






O./l 


2.43 


2.36 


75 


real degree of 














fermentation % 




OQ 


O/ .O 


79.0 


79.6 


20 


Gas chromatografic analysis 












Acetaldehyde 


mg/l 


^ • u 




3.1 


3.9 


25 


Acetone 


mg/l 


n 


n 


0.38 


0.38 




Ethyl form i ate 


mg/1 


n n*^ 


U. lo 


0.19 


0.14 




Ethyl acetate 


mg/l 


• D 


04 7 


33.0 


39.9 




Ethyl propionate 


mg/1 


0 07 


U • Uu 


U.Uo 


0.07 


30 


Isoamyl acetate 


mg/l 


2.45 


2.21 


2.95 


2.92 




Methanol 


mg/l 


2.0 


2.5 


2.3 


2.6 




N-propanol 


mg/l 


17.5 


16.3 


21.0 


17.7 


35 


Isobutanol 


mg/l 


14.2 


12.6 


14.7 


15.3 




Opt.act.amylalcohol 


mg/l 


21.5 


19.0 


21.8 


20.4 




Isoamyl alcohol 


mg/l 


62.5 


54.2 


57.6 


55.1 


40 


Total higher alcohols 


mg/l 


115.7 


102.1 


115.1 


108.5 



Example II 

.c 1^ J? fermentation process was the same as for Example I except that the fermentation temperature was 
45 13.5 c. After 7 days of fermentation the beer was cooled to 0*C. 

Analysis of the green beer fermented with the original lager brewing strain (A), the genetically 
^ manipulated brewing lager strain, secreting a-amylse (B) or glucoamylase (C). 
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10 



IS 



20 



30 



40 



original gravity ^^^q 

ethanol % w/w 4.10 4. 60 

apparent extract °P 2. 00 0.85 
apparent degree of 

fermentation % 83.1 92.8 

real extract 3.90 2.90 
real degree of 

fermentation % 67.0- 75.4 

The analysis of the beers fermented with a genetically manipulated lager brewing strain, secreting a- 
amylase (B) was hardly different from the control. 

Example MI 

The fermentation process was the same as for Example I except that the prepared wort had an original 
gravity of 15 "P. After 9 days of fermentation the beer was cooled to CC. 

Analysis of the green t>eer fermented with the original lager brewing strain (A), the genetically 
manipulated brewing lager strain, secreting cr-amylase (B) or glucoamylase (C). 



original gravity °P 15.0 15.0 

ethanol % w/w 4.57 5.22 

35 apparent extract 4.30 2.76 

apparent degree of 

fermentation % 71.4 81.6 

real extract °P 6.31 5.06 
real degree of 

fermentation % 58.0 66.3 

^ The analysis of the beers fermented with a genetically manipuiated lager brewing strain, secreting* 
amylase (B) was hardly different from the control. 



Example TV — • --^^--^^-^ - ^.--^ . - . . . - . . 

so 

The fermentation process was the same as for Example I except that the prepared wort had an original 
gravity of 8^3**P and the fermentation time/temperature profile was as follows: 
4 days 9.5»C. 3days la.S'C. 

Analysis of the green beer fermented with the original lager brewing strain (A), the genetically 
gg manipulated brewing lager sfrain, secreting <r-amylase (B) or glucoamylase (C). 
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70 



75 



20 



original gravity 8,23 8.23 

ethanol % w/w 2.88 3.6O 

apparent extract 1.15 ,o.56 
apparent degree of 

fermentation % 85.9 

real extract ^P 2.48 
real degree of 

fermentation % 69.9 - 



107.0 
1.14 

86.7 



The analysis of the beers fenmerrted with a geneticaJIy manipulated lager brewing strain, secreting 
amylase (B) was hardly different from the control. ^ 

Example V 

«c ,r'tl®'?®"^^°" process was the same as for Example I except that the prepared wort consisted of 
66.7 /o standard brewers' wort as described in Example i and 33.3% suspended hydrated starch (12% w/v) 

Analysis of the green beer fermented with the original lager brewing strain (A), the genetically 
manipulated brewing lager strain, secreting o-amylase (8) or glucoamylase (C) or both enzymes cr-amylaes 
and glucoamylase (D). 

30 



35 



40 



45 



50 



55 
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B 



JO 



IS 



original gravity P 
ethanol % w/w 
apparent extract °P 
apparent degree of 
fermentation % 
real extract °P 
real degree of 
fermentation % 



12.01 

2.86 

5-15 

57.1 
6.47 

46.2 



12.14 

4.03 

2.49 

79.5 
4.32 

54.4 



12.13 

4.19 

1.63 

86.6 
3.62 

70.2 



12.22 

4.96 

0.37 

96.9 
2.61 

78.6 



20 



Gas chromatograf ic analysis 





Acetaldehyde 


mg/1 


3.9 


3.4 


8.4 


11.6 


ss 


Acetone 


mg/1 


0.24 


0.20 


0.17 


0^23 




Ethyl formiate 


mg/1 


0.07 


0.13 


0.22 


0^25 




Ethyl acetate 


mg/1 


8.7 


20.5 


39.6 


43.3 


30 


Ethyl propionate 


mg/1 




0.02 


0.01 


0.01 


Isoamyl acetate 


mg/l 


0.62 


1.25 


1.62 


1.70 




Methanol 


mg/1 











35 



40 



45 



SO 



55 







A 




B 


C 


D 




N-propanol 


mg/1 


13 


.6 


14.9 


18.3 


19 


.7 


Isobutanol 


mg/l 


13 


.0 


11.5 


14.7 


16 


.5 


Opt . act . amy 1 a 1 cohol 


mg/1 


10 


.4 


12.5 


20.1 


18 


.2 


Isoamyl alcohol 


mg/l 


50 


.9 


57.1 


67.5 


79 


.2 


Total higher alcohols 


mg/l 


87 


.9 


96.0 


120.5 


133.6 



Example VI 

. -Milled grains^of wheat and maize were suspended ir> an appropriate ijuffer. boited in order-to gelatinaze' 
the starch and liquified by treatment with a commercial o-amylase enzyme preparation. 

This broth had an original gravity of ia9*P and was fermented in 2.5 litres fermentors at a temperature 
of 30* C for 72 hours. The yeast strain used was a Saccharomyces cerevisiae distilling strain, which had 
received by transformation the glucoamylase gene of Schwanniomyces castelfii . Glucoamylase was se- 
creted by the transformed yeast strain. As a control the same fermentation was carried out with the original 
untransformed distilling strain. After 72 hours the broth was filtered and the ethanol concefTtration was 
determined. 

Yeast ethanol (% w/w) 
untransformed distilling strain 8.9 
transformed distilling strain 9.6. 
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Claims 



1. A method for producing polypeptides, preferably amylolytic enzymes, by culturing a host microor- 
ganism under suitable conditions and recovering of said polypeptides in a manner known per se 
characterised in that the host microorganism, as a result of recombinant DNA technology, has received 
DNA sequences from a donor yeast comprising the coding sequences for said polypeptides and is capable 
of expressing said polypeptides. 

2. A method according to claim 1. characterised in that the said polypeptides are a-amylase and/or 
glucoamylase. 

3. A method according to one of the claims 1 or 2, characterised in that the host microorganism is 
selected from a group consisting of yeasts of the genera Saccharomyces . Schizosaccharomyces . Schwan- 
niomyces or Kluyveromyces. or bacteria of the genus Zymomonas or moulds of the genus AspergilkS! 

4. A method according to claim 3, characterised in that the yeast is Saccharomyces cerevisiae . 

5. A method according to one of the claims 1 to 4 characterised In that the donor yeast is selected 
from a group consisting of the genera Saccharomycopsis . Upomyces . Pichia . Schwanniomy ces. De- 
baryomyces or Saccharomyces . 

6. A method according to claim 5 characterised in that the donor yeast is Schwanniomyces castellii 
ATCC26076. ^ 

7. A method according to one of the claims 1 to 6. characterised in that the transfer of the DNA 
sequences from the donor yeast into the host microorganism is carried out by transformation. 

8. A method according to claim 7. characterised In that the transformation is carried out by a vector, 
preferably a DNA fragment, a plasmid or a cosmid. 

9. A method according to claim 8. characterised in that the vector contains homologous DNA, 
preferably derived from Schwanniomyces . leading to integration into the host genome. 

10. A method according to one of the claims 8 or 9 characterised in that the vector contains one or 
more DNA sequences which control the function of replication and maintenance within the Schwanniomyces 
cells, preferably the autonomously replicating DNA sequences ARS. most preferably the DNA sequences 
SwARS originating from Schwanniomyces . 

11. A method according to one of the claims 8 to 10 characterised in that the vector is pCJD5-AMGl 
and/or YRpJ02-a. 

12. A method according to one of the claims 7 to 11. characterised in that the host yeast cells before 
the transformation procedure are subjected to fast freezing, which preferably is earned out with dry ice 
acetone at temperatures of about -70** to -80*»C. 

13. A method according to one of the claims 7 to 12 characterised in that the transformation is earned 
out during thawing and rapid agitation of the frozen yeast cells. 

14. A method according to one of the aforegoing claims characterised in that the host yeast is 
specifically glycosylating the secreted polypeptide. 

15. A method according to one of the aforegoing claims characterised in that the production of a- 
amylase is used as marker in Kluyveromyces lactis. Saccharomyces cerevisiae and Schizosaccharomyces 
. pom be for. transformation under nort-sQloctivQ conditions^- . . ^ - - _^^^-r^.-:-. . - 

16. An o-amylase produced according to the method of one of the claims 1 to 15. 

17. An o-amylase according to claim 16, characterised in that it has its temperature optimum at about 
37*' C and is inactivated at at)out 60 ''C. 

18. An tt-amylase according to claims 16 or 17. characterised in that it is encoded by the DNA 
sequence depicted in Figure 2 and all modifications of said DNA sequence which retain the function of the 
encoded a-amylase. 

19. A glucoamylase produced according to the metiiod of one of the claims 1 to 15. 

20. A glucoamylase according to claim 19 characterised in that rt has its temperature optimum at 
about 50°C. and is inactivated at about 60*C and is capable of hydrolysing barley starch completely into 
glucose. 
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21. A microorganism, pr ferably useful as a host microorganism in a method according to one of the 
claims 1 to 15, characterised in that it is capable of expressing an «-amylase according to claims 16 to 18 
and/or a gtucoamylase according to claims 19 or 20 as a result of having received DNA sequences from a 
donor yeast comprising the coding sequences for said ^j-amylase and/or glucoamylase by recombinant 
DNA technology. 

22. A microorganism according to claim 21. characterised in that it is selected from a group consisting 
of yeasts of the genera Saccharomyces . Schizosaccharomyces , Schwanntomyces , or Kluyveromyces or 
bacteria of the genus Zymomonas or moulds of the genus Aspergillus . 

23. A yeast cell according to claim 22. characterised in that it is Saccharomyces cerevisiae . 

24. A yeast cell according to claim 22, characterised in that it is of the genus Schwanniomvces . 
preferably the species Schwanniomyces alluvius . 

25- A yeast call according to claim 23 characterised in that It is useful in twewing and baking 
processes, the food industry, and fermentation processes. 

26. A yeast cell according to claim 23 characterised in that it is useful for complete fermentation of 
starch into ethanol. 

27. A yeast cell according to claim 23 characterised in that it is preferably useful in producing special 
beer by being capable of fermenting dextrins. 

28. A vector carrying foreignDNAsequences which are coding for a polypeptide, characterised in that 
said polypeptides are amylolytic enzymes, preferably o-amylase and/or glucoamylase. wherein the vector is 
preferably useful in a process of one of the claims 1 to 15. 

29. A vector according to claim 28, characterised in that it can tje'used as a shuttle vector for E- 
scherichia coli -Sacchoromyces cervisae -Schwanniomvces alluvius ■Schizosaccharomyces pombe . 

30. A vector according to claims 28 or 29, characterised in that the vector is pCJD5-AMGl or 
YRpJD2-a. 

31. A vector according to claims 28 or 29. characterised in that it is selected from a group consisting 
of the plasmids YRpJD2, pCJD5-1 or pCJD5-2. 

32. A DNA sequence characterised in that rt is coding for a polypeptide, preferably an amylolytic 
enzyme, most preferably an a-amylase and/or glucoamylase. and is capable of expressing said polypeptide 
in a suitable host microorganism, preferably a microorganism according to one of the claims 21 to 27 and is 
preferably useful in a method according to one of the claims 1 to 15. 

33. A DNA sequence according to claim 32 characterised in that it has a sequence as depicted in 
Rgure 2. 

34. A DNA sequence according to claim 32 characterised in that it has a sequence as depicted in 
Rgure 17. 

35. A DNA sequence according to claims 32 or 33. characterised in that it is coding for a o-amylase 
according to one of the claims 16 to 18. and is obtained by recombinant DNA technology from natural 
and/or cDNA and/or chemically synthesised DNA. 

36. A DNA sequence according to claim 35. characterised in that it comprises the DNA sequence as 
depicted In Figure 2, encoding the a-amylase. the amino acid sequence of which is depicted in Rgur 2. 

37. A DNA sequence according to claims 32 or 34 characterised in that it is coding for a 
glucoamylase according to one of the claims 19 or 20 and is obtained by recombinant DNA technology 
from natural and/or cDNA or chemically synthesised DNA. 

38. A DNA sequence according to claim 37 characterised in that it comprises the DNA sequence as 
depicted in Rgure 17, encoding the glucoamylase. the amino-acid sequence of which is depicted in Rgure 

39. A combination of DNA sequences characterised in that it comprises a structural gene encoding an 
amylolytic enzyme and one or more DNA sequences capable of regulation of the expression of the 
sfructuraf gene in^^a rhlcroorganisrf^^ 

40. A combination of DNA sequences according to daim 39, characterised in that it comprises a 
structural gene encoding an amylolytic enzyme of a yeast. 

41 . A combination of DNA sequences according to claim 40, characterised in that the structural gene 
is encoding amylolytic enzymes of the genus Schwanniomyces . preferably of the species Schwanniomyces 
castellii . 

42- A combination of DNA sequences according to one of the claims 39 to 41 , characterised in that 
said stnjcturai gene, coding for an amylolytic enzyme is encoding an o-amylase. 

43. A combination of DNA sequences according to claim 42 characterised in that the stiTJCtural gene 
has the DNA sequence as depicted in Rgure 2, and is encoding the polypeptide having the annino add 
sequence which is depicted in Rgure 2. 
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44. A combination of DNA sequences characterised in thai the structural gene has the DNA sequence 
as depicted in Rgure 17 and is encoding a polypeptide having the amino acid sequence as also depicted in 
Rgure 17. 

45. A combination of DNA sequences according to one of the claims 39 to 44 characterised in that th 
5 DNA sequence comprises all modifications of the DNA sequences retaining their coding function for an 

amylolytic enzyme. 

46. A combination of DNA sequences according to one of the claims 39 to 45 characterised in that the 
struaural gene contains DNA sequences derived from the structural gene coding for a-amylasa or 
glucoamylase which modify said protein product while retaining its functions in such a way that said prot in 

10 product is secreted into the cell wall or the culture medium. 

47. A combination of DNA sequences according to claim 46 characterised in that it is contained in a 
host microorganism according to one of the claims 21 to 27. said host microorganism being suitable in a 
process for preparing a polypeptide according to one of the claims 1 to 15. 

48. A beer manufacturing process characterised in that a yeast is used which has rec ived by 
75 recombinant DNA technology DNA sequences from a donor yeast which encodes amylolytic enzymes, 

preferably a-amylase and/or glucoamylase. wtierein the yeast used is preferably Saccharomyces cerevisiae . 

49. A beer manufacturing process according to claim 48 characterised in that a yeast being capable 
of expressing an a-amy!ase and/or a yeast t>eing capable of expressing glucoamylase or a yeast being 
capable of expressing a-amylase and glucoamylase is used. 

20 50. A process according to claims 48 or 49 characaterlsed in that the manufacturing process Is 
adapted for the production of a speaai beer, preferably low cart>ohydrate beer, low calorie beer or diet 
beer. 

51. A process according to one of the claims 48 to 50 characterised in tiiat the manufacturing process 
is adapted for the production of beers containing levels of aroma components comparable to beers obtained^ 

25 by femientation of high glucose worts. 

52. A process according to one of the claims 48 to 51 characterised in that the process is decreased 
in time due to a more rapid decrease in apparent extract (Extrakt scheinbar = Es) at the end of the 
fermentation process. 

53. A process according to one of the claims 48 to 52 characterised in that the manufacturing process 
30 is adapted for the production of a t>eer from a high gravity wort the cartwhydrate level of which can be 

regulated by a predetermined fermentation time and dilution thereafter. 

54. A process according to one of the claims 48 to 53 characterised in that the manufacturing process 
is adapted for the fermentation of substrates, the constituents of which are for a considerable part 
suspended hydrated carbohydrates. 

35 55. A process according to one of the claims 48 to 54 characterised in that the genetically engineered 
yeast is brought into contact with the fermented wort subsequentiy to main fermentation, but prior to 
conditioning. 

56. An ethanol manufacturing process characterised in that a yeast is used which has receiv d by 
recombinant DNA technology DNA sequences from a donor yeast which encodes amylolytic enzymes, 

40 preferably a-amylase and/or glucoamylase, wherein the yeast used is preferably Saccharomyces cerevisae . 

57. A fermentation process characterised in that a yeast is used which has received by recombinant 
DNA techrrology DNA sequences from a donor yeast which encodes amylolytic enzymes, preferably cr- 
amylase and/or glucoamylase, wherein the yeast used is preferably Saccharomyces cerevisiae accprdlng to 
claim 23 and wherein said fermentation process is adapted for the production of beverages produced from 

45 fermented or distilled fermented substrates containing suspended hydrated starch. 

58. A process for the production of baker's yeast characterised in that a yeast is used which has 
received by recombinantDNA technology DNA sequences from a donor yeast which encodes amylolytic 

_ enzymes, preferably. a-^OTylase.^ glucparnyJase. whereiri the yeast used. is pref e rably Saccharomyces^ - 
cerevisiae according to claim 23. 
) 59. A process of preparing bread in a manner known per se. characterised in that a yeast according 
to claim 58 is used. 

60. A process for tiie production of biomass characterised in that a yeast is used which has received 
by recombinant DNA technology DNA sequences from a donor yeast which encodes amylolytic enzymes, 
preferably a-amylase and/or glucoamylase. wherein the yeast used is preferably Saccharomyces cerevisiae 
> according to claim 23. 
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61. A transformation system for the transfer of DNA sequences from a donor microorganism to a host 
microorganism, characterlsedin that the host microorganism is subjected to fast fr zinq before addina 
DNA. preferably that the fast freezing is carried out with dry Ice acitone at temperatur2 ^St^^yo 'c to 



35 




BNSOOCIO <EP 0260404A2_I.> 



I 



0 260 404 

FIG, 2 A 

*° 30 so 

6C5TACCTGAGCTAAATTTAGAACCGGCTATAGATCCGCTTGTCTAAAGAAGAGATAAT6A 

^° -90 lOO no .o/N 

AGAAAACAATTAACCGAGCACTCTTATTAAGTTTTTTTCTATTTTCTTTTGCTCCTACT? 

»30 160 170 io« 

CAATAATTTATCTAAATTBTATTGTGCGTTAGATCAGAATGTACTGATAACAGAGAGTAT 

190 200 a 10 eao eao a^.^ 

TATCATACACTTGTGGATTTCAAAAGGCGGAATCAAAAGCATACGTAGTCAAACCCT?GG 

250 S&O S70 280 eoo o^rt 

TTATTTGATGCAATTAAGGTT6TAGTCGTTCTTACCG.ATCCATCATTATACCCCACA??S 

330 -3<«0 aao ojLrt 

TTTCATGGTATGTAGGT6TTTCAATAGTBAAGTACAATGAAT6TTTTGGTAATGCTGTAT 

370 3B0 390 <,00 *io tsrt 

gtggatcagtaattatgttaaacaattaagtctgaaaatttattaaaattttacctacaS 

*30 <.<iO <,5o t,t,o t.no 

ATTAAGCCGAAATCCAATCGAAGGTGCCGCCCAGCTGBTGTATAAATTACTCTTGAAA?? 

''"'o SCO 510 aao 330 ^<.ft 

CAAGTTGAACGTTGATCTCTCTAAAGCAAAGCTGTTATTCTACAATACTAAATAAAATAA 

550 S60 S70 SBO S90 Aoo 

AAGCAAGACATGAGATTTTCAACT6AAGGATTTACAAGTAAAGTTGTT6CAGCAATTTTA 
M.tArgPh.SerThrGluGlyPh.ThrSerLysV.lValAlaAlall.Leu 

610 620 630 6<i0 650 AAO 

I?''lK^='^''^'^T°f7^I'^'^'^^^^'^''^^'^^^^^TTTTTGACATGA6AGATGTTAGCTCG 
A 1 aPheSerArgUeuVa I Ser Al aG I nPro 1 1 el 1 ePheAspMet ArgAspVa ISerS.r 

670 680 690 700 7\o 7=0 

TCAGCT6ATAAATGGAAAGACCAATCGATTTATCAAATC6TTACTGATAGGTTTGCCAGA 
Ser A 1 .AspLy sTrpLy » AspQ 1 nSer 1 1 .Tyr S I n 1 1 eVa 1 Thr Asp ArgPheA 1 aArg 

730 7^0 750 760 770 780 

TCIGATGGCTCGACCACAGCTGACTBTTTAGTGASTGATCGCAAGTACTGTGGTCBATC-T • - 
SerAspBlySerThrThrAlaAspCysLeuValSerAspArgUysTyrCysGlyGlySer 

790 BOO 810 820 830 e<.0 

TATAAAGGGATTATCGACAAGTT6GATTATATTCAABGTATGGGTTTCACTGCGATCTGG 
TyrLy»GlylleIleAspLysLeuAspTyrlleGlnBlyMetGlyPheThrAlaIleTrp 

850 B60 870 880 890 900 

ATCTCCCCAGTTGTTGAGCAAATTCCTBACAATACT6CTTAT6BTTATBCTTACCATGGT 
Il«SerProV«lVal6luGlnIleProAspAsnThrAl*Tyr6IyTyrAl«TyrHi»eiy 



» * 4 . r. 



BNSCOCID: <EP 02604C4A2 I > | 



0 260 404 



FIG.2B 

oift 920 930 f^O ^^'^ 

T^TxrrftTGAAAAATATTGATGAATTGAACACTAATTTTGGTACCGCTGATGAATTSAAA 

o-7ft 9ao 990 lOOO 1010 1020 

10*»0 1050 iO60 1 070 1080 

llAO It70 HBO ll'O tSOO 

-.^TTGTislLBSOTBBTACTGBftBTCTCCCTTCCASATTTaASTACCGABGATJATOAA 

1530 15^0 1550 1560 
- - ' IfiAO -1 650 - - 1660 - -1 670 ^*^9r 



0 260 404 



FIG.2C 

1810 1820 1830 IB<»0 1850 I860 

AAATCCTCAGTTGTTTCTTCTTCAGACCACTATATA6CCACTAGBAAQGSTAGC©ATGCT 
Ly»SerSerV*lValSerSerSerAspHlsTyrI leAl «ThrArgLy»61 y6«r AspAl a 

IB70 leeO 1B90 1900 1910 i9ao 

AATCAATTGATTTCCATTTTTAATAATTTAGGTTCAAACGGGTCACAGGATATTACTQTC 
AsnG 1 nLeu 1 1 eSer 1 1 •Phe AsnAsnLeuG 1 ySer AsnG 1 ySerG 1 nA»p 1 1 »17ir V« 1 

1930 19^0 1930 I960 1970 1980 

AGCAACACCGGCTATTCTAGTGGTGATAAAGTTATCGATATTATTTCTT6CAATTCC6TT 
S«rA«nThrGlyTyrSerSerGlyAspLyKVAlI lBA»pIl»Il«S»rCy«A«nS«rV«l 

1990 2000 2010 2020 2030 BO^O 

TTAGCTG6TGACTCCGGAAGCTTATCTGTATCAATTTCTGGTGGAATGCCACAAGTTTAC 
LeuAlaGlyAspSerGlySerLeuSerValSerlleSerGlyGlyMetProGlnValTyr 

2050 2060 2070 2080 2090 210O 

GCTCCGTCCTCT6TTCTTTCGGGATCTGGCATCTGCAATCAATAGATTGATCCAGCGCTA 
AlaProSerSerValLeuSerGlySerGlylleCysAsnGlnEnd 

2110 2120 2130 Bl^iO 2150 2160 

ACCCTTTTTTTAGCAACGACAAGTTTATTTTAGAAAAAGTTTTCTAAGAATGGTCAAAAC 



2170 2180 2190 2200 2210 2220 

AAGTTCTTATTACTTCTATGTCCCTGGATATCTGTTTTCAATGTTCTCTGACTCCACATT 



2230 22^#0 2250 2260 2270 22B0 

CCTCATGTTTAGTTCTCTATTTTTTGTCGATCTTCTAAGTTTTTTTATTCTTAATTTTAA 



2590 
TCCAAAAGTT 



1 



0 260 404 



FIGURE 3 
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PEPTIDE 2 : ala-thr-ser-tyr-pro-val-gly-phe-asp-val-ser-cys-ala- 
ser-glu-trp-lys 

PEPTIDE 3 : gly-val-phe-pro-gly-ala-gly-lys-glu-glu-val-tyr-tyr- 
asp-trp-tyr-thr-gln-arg 

PEPTIDE 4 : trp-gly-tyr-asp-thr-i le-glu-lys 

PEPTIDE 5 : thr-leu-phe-ala-asn-asp-val-gly-asp-pro-ile-asp-gly- 
asn-lle-tyr-gly-val-his-pro-val-tyr-leu-asp-gln-arg 



BNSOOCiD: <EP 0260404A2J 



0 260 404 



FIG. 4 A 



s 



o 
o 

CD 

o 



15 V 
10 



1 

0.5 



NGA23 - YRpJD2 



2 9t> Maltose 



10 




20 30 40 50 
tl m •/ h 



U/ml 



0.14 



0.12 



010 



0.08 



- 0.06 



0.04 



- 0.02 




cell den«Ily (log OD 600) 

total dC-amyiase activity 

specific activity (actlvlty/OD 60 0) 



BNSOCXia. <EP 0260404A2_I_> 



0 260 404 

•» * ■ , ^ , 

•» ^ • •% ^ - * 

FI6:(B 




time/h 




-C-ft J .l.-....d o JT.* J.i .y^^.<4 o g .^O D - .-e O 0-) — --- - - -- 

total flC-amylase activity 

• pacific activity (actlvIty/OO 60 0) 



BNSOOCID: <EP 0260404A2 I .> 



0 260 404 



^ ^ ■> f» ^ 



8 
o 

I 

15 
10 



0.5 



FIG.4 C 

T 1 r- -T- 1 r— — r 

NGA23-YRpJD2 gZS 29faGlucose 
NQA23-YRpJD2-Qr 2Zl 




U/ml 



0.14 



0.12 



0.1O 



0.06 



0j06 



0.04 



0J02 



time/ h 

ee l I -d • n »l !y -<-l o g D.^ 



total oc-amylate activity 



BNSCOCIO: tEP 0260«>»A2. 1.> 



0 260 404 



FIG.4 0 



MC34 - pYC1-a 



2%Glu ose 



U/ml 



0.14 



0.12 



Olio 




Oi38 



0.06 



Ol04 



. 0.02 



call den.lly < » ** « © D 60 0 ) 
specific activity (actlvIty/OD 600) 



0 260 404 



FIG.AE 

glucot* concentration 



/imol/ml 



■ E 



3.0 



2.5 



2.0 



1.5 



1-0 



a5 




10 



20 30 



40 



50 60 



70 



time/ h 

• NQA23 - YRp J D2^ . 2 sis MiiVto«« 
NQA23-YRpJ02 .2%QlukOM 
» NGA23 - YRpj02-a . 2 9t GlukOM 



0 260 404 




BNSOOCIO: <EP. . 02SOi04A2 . 1 . > 



BNSOOCIO: <EP_ 0260404A2J. 



0 260 404 




BNSOOCIO: <EP 026040aA2_I.> 



0 260 404 




BNSOOCIO: <EP . 0260404A2J > 




BNSDOClD; <EP 0260404A2 i > 



0 260 404 




EcoRI 

— PBR322 
a 3. o«ravtsla« 

C=3S.U«t«flii 

n 

E 

B : Bam HI 

E By: Bgl II 

C c : Cla I 

B : SCO RI 




BNSOOCIO <EP 0260404A2 !_> 



0 260 404 




BUSCOClCt <EP 026CMO4A2_l_> 



0 260 404 




0 260 404 





0 260 404 



► ^ « 




B 

kb 



6.25 — 



a bed e f g h i j k I m n o p q 



1.80-^ 



1.45- 
1:1 5- 



0.50 — 





BNSOOCID: <EP O2604O4A2J_ 



0 250 404 




BNSOOCrO: <EP. 



0260404 A 2 i 



0 260 404 



* -5 



abed 



^ ^ 9 h i j k I m n o 



! ! f 



B 



abed efghijklmnop 




I 



I5h 



BNSDOCIO: <EP 0260404A2 J > 



0 260 404 
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-SO -1 
TAAAGGCAA6TATCCATTGAAATTTTAAAATBAACTCATGACTQTATTATAACAAGCAAB 
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FI6URE 17B : 4 : \ : 

10 2o 30 «»o 50 hO 

ATGATTTTTCTGAAGCTGATTAAAAGTATAGTAATTGGTTTGGGATTAGTTAGTGCTATC 
Met I lePheLeuLysLeu 1 1 eLy sSer 1 1 eVa 1 1 leG 1 yLeuG 1 yLeuValSer A\ al 1 e 

70 BO 90 100 110 120 

CAAGCAGCCCCTGCCTCTTCGATTGGATCTAGTGCTTCAGCATCTAGTTCAAGTGAGAGT 
GlnAlaAlaProAlaSerSerlleBlySerSerAlaSerAlaSerSerSerSerGluSer 

130 I'fO ISO 160 170 180 

TCTCAGGCTACAATTCCCAATGATGTAACATTAGGTGTTAAACAAATTCCJAATATCTTT 
SerGlnAlaThrlleProAsnAspValThrUeuGlyValLVBGlnlleProAsnllePhe 

190 200 210 220 230 e«»0 

AAT6ACTCTGCTGTCGATGCTAATGCAGCTGCTAAAGGBTATGACTT6BTAAATGTTACT 
AsnAspSerAlaValAspAlaAsnAlaAlaAlaLys61yTyrAspLeuValAsnValTh«- 

250 2AO 270 2B0 290 300 

AATACTCCAAGAGGATTAACCGGTATCTTAAAATTAAAAQAAGCTACCAATATTTATG6T 
AsnThrProArgGlyLeuThrGlyl leLeuLysLeul-ysGluAlaThrAsnl leTyrBly 

310 320 330 3^0 3SO 360 

TATGATTTTGATTATTTAAACTTAACTGTTGAATACCAASCTGATACCAGATTAAACBTT 
TyrAspPheAspTyrLeuAsnLeuThrValBluTyrGlnAlaAspThrArgLeuAsnVal 

370 380 390 *tOO ^10 420 

CATATTSAACCAACTGATTTATCTGATBTATTTGTTTTACCAGAGCATTTAGTTGTTAAA 
Hi s 1 1 eG luProThr AspLeuSer Asp Va IPheVa ILeuPr oB 1 uH i sUeuVa 1 Va ILys 

430 ^'tO ' '»50 ^taO **70 ASO 

CCACT6STGGAAGQTGATGCACAATCTTATAACTTCGACAATTCCGATTTG6TTTTCGAA 
ProLeuValGluGlyAspAlaGlnSerTyrAsnPheAspAsnSerAspLeuValPheGlu 

A90 500 SIO 520 530 540 

TACTCTAATACTGACTTCTCCTTTGAAGTTATTAGATCATCTACTAAAGAABTTTTATTT 
TyrSerAsTiThrAspPheSerPheGluVallleArgSerSerThrLysGluValLeuPhe 

550 SfcO 570 560 590 600 

TCTACTAAAGGTAATCCATT6GTTTTTTCAAATCAATTCATTCAATTCAATTC6TCATTG 
SerThrLysGlyAsnProLeuValPheSerAsnGlnPhelleGlnPheAsnSerSerLeu 

610 620 630 640 650 660 

CCAAAGAACCATGTTATTACTBBTCTTGBTGAATCTATTCACGGTTTABTTAACGAACCA 

Pr oLys AsnH i s Va lIleThrGI y LeuG 1 y B 1 uSer 1 1 eH i sB 1 y LeuVa 1 AsnG 1 uPr o 

670 680 690 700 710 720 

6GTAGCGTTAAAACATTATTTGCTAATGATGTTGBTGATCCAATCGATGGTAATATTTAT 
BlySerValLysThrLeuPheAlaAsnAspValBlyAspProIleAspBlyAsnll^Tyr 

730 740 750 760 770 , 7B0 

B6TBTCCATCCAGTTTATCTTGATCAAABATATBACACT6AAACTACCCATGCTGTTTAT 
GlyValHisProValTyrLeuAspBlnArgTyrAspThrGluThrThrHisAlaValTyr 

790 BOO 8 10 820 830 840 

TGGAGAACTTCTGCTATTCAAGAAGTATTAATCBGTGAGGAATCTATTACTTGGABAGCT 
TrpArgThrSerAlalleBlTiGluValLeuIleGlyBluGluSerlleThrTrpArgAla 

B50 860 B70 880 890 900 

CTTTCABGT6TTATTGATTTATACTTCTTTAGTGGTCCTACACCAAAAGATGCCATTCAA 
LeuSerGlyVallleAspl-euTyrPhePheSerBlyProThrProLyBAspAlalleGIn 



.026i>404A2_l > 



.0 260 404 
FIGURE 17C 



910 920 930 9'»0 950 9ao 

CAGTATGTCAAAGAGATT6GTTTACCAGCTTTCCAACCATACTGGTCGTTAGGTTACCAT 
GlnTyrValLysGluIleGlyLeuProAlaPheGlnProTyrTrpSerLeuGlyTyrHis 

^■^^ 990 1000 1010 102O 

CAATGTAGATGGGGTTACGATACTATCGAAAAATTATCTGAAGTTGTT6AAAACTTCAAQ 
GlnCysArgTrpGlyTyrAspThrIleGluLysUeuSerGluVal5alGlaAsnPh^??s 

1030 lO'iO 1050 1060 1070 lOBO 

AAATTTAATATTCCATTAGAAACTATCTG6TCAQACATTGATTACATGGACTCTTATAAA 
LysPheAsnlleProLeuGluThrlleTrpSerAspIleAspTyrMetAspSerTyrLys 

1090 HOC 1110 liao 1130 ll/»0 

GATTTCACTTAT6ATCCACACAGATTCCCACTAGATGAATATCGTAAATTCCTTGATBAG 
AspPheThrTyrAspProHisArgPheProLBuAspGluTyrArgLysPheLeuAspSlu 

1150 1160 1170 1180 1190 1200 

TT6CACAAAAATAATCAACACTATBTTCCTATTTTGGAT6CTGCTATTTAC6TTCCAAAC 
LeuHisLysAsnAsnGlnHisTyrValProlleLeuAspAlaAlalleTyrValProAsn 

1210 1220 1230 l^^0 1250 1260 

CCAAACAATCCTACG6ATAACGAATACCAACCTTTCCACTATG6TAATGAAACCGATGTC 
ProAsnAsnAlaThrAspAsneiuTyrGlnProPheHisTyrBlyAsnGluThrAspVal 

1270 1280 1290 1300 1310 1320 

TTCTTAAABAATCCAGATBGTTCATTATATATTGGTGCTGTTTGGCAGGTTACACTGTTT 
PheLeuLysAsnProAspGlySerLeiiTyrlleGlyAlaValTrpGlnValThrUeuPhe 

1330 13i»0 1350 1360 1370 " 1380 

TCCAGATTTCTTAGCAGAAAACATTCAGATATGGATAAAGTCATTAAAGATTGGTATGAA 
SerArgPheLeuSerArgLysHisSerAspMetAspLysVallleLyaAapTrpTyrGlu 

1390 1400 1/»10 1*^20 14,30 1440 

TTAACTCCTTTTGATGGTATTTGGGCT6ATATGAAT6AAGTCTCATCATTCTGTGTTGBT 
LeuThrProPheAspGlylleTrpAlaAspMetAsnGluValSerSerPheCysValGly 

1^50 lUhO 1^»70 1^,80 11*90 1500 

TCTTGT6GTACTGGTAAATACTTCGAAAACCCAGCATATCCTCCATTTACTGTTGGAAGT 
SerCysGlyThrGlyLysTyrPheGluAsnProAlaTyrProProPheThrValGlySer 

1510 1520 1530 1540 1550 1 560 

aaagctacctcttatccagttggtttcgatgtttctaacgcatctgaatggaaatctatt" - 

LysA 1 aThrSerTyrProVa 16 lyPheAspVa ISer AsnA 1 aSerGluTrpLysSer 1 1 e 

1570 1580 1590 1600 1610 1620 ' 

CAAAGCTCAATTTCTGCTACTGCtAAGACTTCffCAACtfC^^^^ 

GInSerSerlleSerAlaThrAlaLysThrSerSerThrSerSerValSerSerSerSer 

1630 1640 1650 1660 1670 1680 

TCCACAATCGATTATATGAACACTTTAGCTCCAGGTAAAGQTAATATTAATTATCCACCA 
SerThrl leAspTyrMetAsnThrLeuAlaProGlyLysGlyAsnlleAsnTyrProPro 

1690 1700 1710 1720 1730 1740 

TATGCTATTTACAACATGCAAG6T6ACTCC6ATCTTGCTACTCAT6CAGTATCTCCAAAT 
Tyr Al a 1 1 eTyrAsnMetGl nG 1 yAspSer AspLeuA 1 aThrHi sAl aVal SerProAsh 

1750 1760 1770 1780 1790 1800 

GCTACACATGCTGATGGTACAGTTGAATATGATATTCACAATCTTTATGGTTACTTGCAA 
AlaThrHisAlaAspGlyThrValGluTyrAspIleHisAsnLeuTyrGlyTyrLeuGln 
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1810 1820 IB30 18^0 1850 I860 

GAAAATGCTACTTATCATGCATTATTGGAAGTTTTTCCTAACAA6AGACCATTCATGATT 
GluAsnAlsThrTyrHisAlaLeuLeuGluValPheProAsnLy^ArgProPheMetl le 

1870 1B80 1890 1900 1910 1920 

TCCAGATCAACCTTTCCAXGCGCTGGTAAAT6GACCGGCCATTGGGGTGGTGACAACACT 
SerArgSerThrPhePro AlaGlyLysTrpThrGlyHisTrpGlyBlyAspAsnThr 

1930 19^0 1950 1960 1970 1980 

GCTGATTGGGCTTATGCTTACTTCTCTATCCCTCAAGCATTCTCAATGGGTATTGCT6GC 
AlaAspTrpAlaTyrAlaTyrPheSerlleProGlnAlaPheSerMetGlylleAlaGly 

1990 2000 2010 2020 2030 SO^O 

CTTCCATTCTTTGGTGCCGATGTTTGTGGTTTCAATGGTAATTCTGATTCTGAATTATGT 
-LeuPr oPhePheG 1 yA 1 aAspVa 1 CysG 1 yPheAsnG 1 yAsnSerAspSerGluLeuCy s 

2050 2060 2070 2080 2090 SlOO 

TCAAGATGGATGCAATTAGGTTCTTTCTTCCCATTCTACAGAAACCACAACTATTTAGGT 
SerArgTrpMetGlnLeuGlySerPhePheProPheXyrArgAsnHisAsnTyrLeuGly 

2110 2120 2130 21^0 2150 E160 

GCTATTGATCAGGAACCATATGTCTGGQAATCAGTTGCTGAA6CTACTAGAACTTCTATG 
Alal leAspGlnGluProTyrValTrpGluSerValAlaGluAlaThrArgThrSerMet 

2170 2180 2190 2200 2210 E220 

GCCATTAGATACTTATTATTACCATATTACTACACTTTATTACATGAATCTCATACTACT 
Alal leArgTyrUeuLeuUeuProTyrTyrTyrThrUeuLeuHisGluSerHisThrThr 

2230 22^0 2250 2260 2270 22BO 

GGTTTACCAATCTTAAGA6CTTTCTCGTGGCAATTCCCTAACGATCGTTCCTTAAGTGGT 
GlyUeuPro I leUeuArgAlaPheSerTrpGlnPheProAsnAspArgSerLeuScrGly 

2290 2300 2310 2320 2330 23^0 

GTCGATAACCAATTTTTTGTCGGTGATGGTTTAGTTGTTACTCCTGTCTTAGAACCTGGT 
ValAspAsnGlnPhePheValGlyAspGlyLeuValValThrProValLeuGluProGly 

2350 2360 2370 2380 2390 2^00 

GTTGATAAGGTTAAAGGTGTTTTCCCAGGAGCTGGTAAAGAGGAAGTTTACTACGACTGG 
ValAspLysValLysGlyValPheProGlyAlaGlyLysGluGluValTyrTyrAspTrp 

2^10 2^20 2^30 E^^O 2450 2^60 

TACACCCAAAGAGAAGTTCACTTTAAAGACGGTAAGAATGAAACTTTAGATGCACCATTA 
TyrThrGlnArgGluValHisPheLysAspGlyLysAsnGluThrLeuAspAlaProLeu 

2470 2480 2490 2500 2510 25SO 

GGTCATATTCCATTACACATTAGAGGTGGTAACGTCTTGCCAACTCAAGAGCCA6GTTAT 

GlyHisIleProLeuHisIleArgGly^lyAsnValLeuProThr^lnGluPro 

2530 2540 2550 2560 2570 2580 

ACTGTTGCTGAGTCAAGACAAAATCCATTTGGTTTAATTGTCGCTTTA6ATAACGAT6GC 
ThrValAlaGluSerArgGlnAsnProPheGlyLeuI leValAlaLeuAspAsnAspGly 

2590 2600 2610 2620 2630 S640 

AAAGCTCAAGGTAGCTTATACCTTGATGATG6TGAATCATTAGTAGTAGACTCTTCATTG 
Ly sA 1 aG 1 nG I y SerLeuTyrLeuAsp AspGly G 1 uSerUeuVa 1 Val AspSer S«r Leu 

2650 2660 2670 2680 2690 2700 

TTGGTTAGTTTCTCTGTTTCTGATAACACATTATCAGCATCTCCATCTGGTGACTATAAA 
LeuValSerPheSerValSerAspAsnThrLeuSerAlaSerProSerGlyAspTyrLys 
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2710 27S0 S730 27^0 S750 3760 

GCTGATCAACCTTTAGCTAATGTTACCATCTTA6GG6TTGGCCATAAACCAAAATCAGTT 
AlaAspGlnProLeuA^ aAsnValThrl leLeuGlyVa IGlyHi sLysProLysSerVal 

2770 2780 2790 2800 2810 2820 

AAATTTGAAAACGCTAAT6TTGATTTCACCTACAAGAAATCAACCGTTTTCGTTACTGGC 
Ly sPheG 1 uAsnAl a AsnVa 1 AspPheThrTyrLy sLy sSerThr Va 1 PheVa 1 Thr Gl y 

2830 28^0 2850 2860 2870 2880 

TTAGATAAATACACCAAGGATGGTGCATTTTCTAAGGATTTCACCATTACTT6GTAATTT 
LeuAspLysTyrThrLysAspGlyAIaPheSerLysAspPheThr IleThrTrp 

E890 2900 2910 2920 2930 29^0 

TAACATCCACTTAGTTCAATTCCATTCTTTTCTTTTTCCCGTGAAATTCTGAATTTGAAA 



2950 2960 2970 2980 2990 3000 

TTATTT6AATGATATCATTTTAGTTTTCTTCA6CTTATSCTATGTTTATTTCGATTTTAA 



3010 3020 3030 30^0 3050 3060 

ATGTTAAAA6TTTTTTATGTTTATGTTGTTTTATTBATGTAGTTGATAAAATATAGCAAA 



3070 3080 3090 31 CO 3110 31 20 

TACATCGAAAAATTTGCGATGAAATTTTGCAGCTCATTAGAAATGTAGTCAATCATTAGT 



3130 31^0 3150 3160 3170 ! 3180 

CACATTGGACCACTATATAACAAACAACAACTATTCCAAGAAAAATATATGTAAGGATAC 



3190 3200 3210 3220 3230 32^0 

TAGATCATAAATTCTTATTGACTTTGTTTTTTTTAACAATAGTTACATAAGGAATATTCG 



3250 3260 3270 3280 3290 3300 

TTTACTACAAAACCATTGGTCTTGTAAAGAAGCAGACGA6GCGTATGTTTGTGGTTGCGG 



3310 3320 
CCGCAATACTAGTTTACAAAG 



J 



Europaisches Patentamt 

® Qj)) European Patent Office 0 Publication number: 0 260 404 

Office europeen des brevets /\3 ' 



© EUROPEAN PATENT APPLICATION 

© Application number: 87110370.1 © int. CI.": C12N 15/00 , C12P 21/02 , 

.... C12N 9/30 , C12N 9/34 , 

©Date Of fihng: 17.07.87 C12P 7/06 ! CI 2P 1/00 . 

C12C 11/04 , C12N 1/16 , 
A21D 8/04 , C12N 1/18 



® Priority: 21.0a86EP 86111586 


® Applicant: Heineken Technisch Beheer av. 


@ Date of publication of application: 


Burg. Smeetsweg 1 


NL-2382 PH Zoeterwoude(NL) 


2a03.88 Bulletin 88AI2 


@ Designated Contracting States: 


@ Inventor: Strasser, Alexander 


Zonser Strasse 6 


AT BE CH DE ES FR GB GR PT U LU NL SE 


D-4000 Dusseldorf(DE) 


® Date of deferred publication of the search report: 


Inventor: Martens, Feeder Bernard 


Hogenwoerd 13 


06.07.88 Bulletin 88/27 


NL-2311 HELeiden(NL) 




Inventor: Dohmen, JUrgen 




Bretonenstrasse 20 




D-4005 Meerbusch 1(DE) 




Inventor: Hollenberg, Cornelius P. 




Chopinstrasse 7 




O-4000 Dusseldorf(DE) 




(2) Representative: Patentanwsllte Griinecker, 




Kinkeldey, Stockmair & Partner 




Maximllianstrasse 58 




D*8000 Munchen 22(DE) 



® Amylolytic enzymes producing microorganisms consiructed by recombinant DNA technology and 
their use for fermentation processes. 



@ This invention provides a method for producing 
^amylolytic enzymes by culturing a microorganism, 
^having received as a result of recombinant DNA 
technology "DNA" sequences' from~"a" donof' yeast 
^conriprising the coding sequences for the amylolytic 
^enzymes wherein the host microorgamism is ca- 
pable of expressing said amylolytic enzymes. Fur- 
gthermore, this invention provides microorganisms 
^genetically engineered as to being able to produce 
and express the amylolytic enzymes, a vector con- 
staining the DIMA sequences, coding for the 
^amylolytic enzymes and the respective DNA se- 
^ quences. The said host microorganisms are useful in 
the pr duction f mass and merny fermentation 
proc sses. preferably in the production of special 



beers. 




Xerox Copy Centre 



BNSOOCIO: <EP. „ 0260404A3 .t,> 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application number 

EP 87 11 .0370 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Gtation of document with indication, where appropriate. 
— of relevant passages 



WO - A - 86 03 778 (BREWING 
RESEARCH FOUND) 

* Pages 1,2; page 4, paragraphs 
3-6; pages 13,14: section a; 
page 17 , table II , ; page 21 , 
section d; page 24, last 

. paragraph, page 26, paragraph 3; 
claims 4-10 * 



EP - A - 0 173 668 (SMITHKLINE 
BECKMAN) 

* Page 3, lines 9-16; page 5, 
line 32 - page 6, line 3; 
page 8, lines 18-23; page 15, 
lines 9-29; page 19, line 25 
- page 22, line 30; claim 30 * 



Place of search 

THE HAGUE 



Relevant 
to claim 



I- 5, 
7,8, 
10,14 
19,21^ 
23,25- 
29,32 
37,39,, 
40,45- 
57 

6,9, 

II- 13, 
34, 
38,41 
44,58- 
60 



1-4, 
7,8, 
14,- 
21- 
23, 
29, 
37, 
40, 
45- 



19 

28, 
32, 
39, 

57 



-2- 



Dale of completion of the search 

14-12-1987 



CL>SSIRCAT10N OF THE 
APPUCATION (Ynt CI.4 ) 



c 


12 


N 


15/00 


c 


12 


P 


21/02 


c 


12 


N 


9/30 


c 


12 


N 


9/34 


G 


12 


P 


7/06 


C 


12 


P 


1/00 


c 


12 


C 


11/04 


c 


12 


N 


1/16 


A 


21 


D 


8/04 


c 


12 


N 


1/18 



TECHNICAL RELOS 
SEARCHED Onto.') 



C 12 N 
C 12 P 

C 12 C 
A 21 D 



Examirw 

MADDOX 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken aton 

Y : particularly rel vant if combined with an ther 

document f the same categ ry 
A : techn I gical background 
O : non-written disclosure 

P : intermediate document 



T : theory or principle underlying th Invention 
E : earlier patent document. tMit published on, or 

after the HUng dat 
D : document cited in the application 
L : document cited f rotner reasons 

i r^ember^me saiTW patent'5rnity. corresponding 
document 



BNSDOCID <EP 026CW04A3.L> 



SX European Patent 
Office 

CLAIMS INCURRING FEES 



The present European patent appHcatton comprised at the time of filing more than ten claims. 

□ 



All claims lees have bean paJd within ttie prescribed time nmiL The present European search report has been 
drawn up for at I daima. 



□ 



Only part of the ctaima fees have been paid within the prescribed time Bmft. The present European search 
report has been drawn up for the first ten daJms and for those claims for wtiich dainrts fees have been paid. 

namely claims: 

No claims fees have been paid within the prescribed time Omit The present European search report has been 
drawn up for the first ten claims. 



X LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent appEcatton does not comply with the requirement of unity of 

invention and relates to several Inventions or groups of inventions. 

namely: 

1. Claims 1-60: Development of amylolytic yeast by 

genetic engineering 

2, Claim 61: A method for transforming microorganisms 



□ 
□ 

EI 



•vAD further search fees have-t>een paid within the fixed time ^mlL -The -present European search report^has * - 
t>een drawn up for all claims. 

Only part of the further search fees have been paid wfthln the fixed time tlmiL The present European search 
report has been drawn up for those parts of the European patent application wtUch relate to the fnventtons in 
respect of which search fees have been paid, 

namely claims: 

Nona of the further search fees has been paid within ttie fixed time Qmit The present European search report 
has been drawn up for those parts of the European patent application which relate to the Invention first 
mentiorad in the claims. 



namely claims: 



1-60 



BNSOOCID: <EP 0260404A3_I. > 




Eur pean Patent 
Office 



EUROPEAN SEARCH REPORT 



Application numb«r 

EP 87 11 0370 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Zategory 



X 



Citation of oocumeni with indication, where appropriate, of relevant 
passages 



EP - A - 0 163 491 (BIOTECHNICA) 

* Page 2, line 24 - page 3^ line 
26; page A, lines 10-29; line 30 
- page 5, line 12; page 8, lines 
10-13; page 10, lines 15-18; page 
13, lines 27-32; claims 2,10,12, 
15-19 * 



Relevant 
to darm 



6,9,11' 

13,15, 

34,38, 

41,44, 

58-60 



1-5,7- 
10,19, 
21-23, 
25-29, 
32,37, 
9,40, 
45-57 

S, 9, Il- 
ls, 15, 
34,38, 
41,44, 
58-60 



I-S. PRETORIUS et al. : "Molecular 
cloning and characterization of the 
STA2 glucoamylase gene of Saccharo- 
myces diastaticus" , & MGG,MOL.GEN. 
GENET. 1986, 203(1), 29-35 * 

Summary * 



LO, 
21- 
28, 

i 
i 



FOOD TECHNOLOGY, vol. 38, no. 2, 
February 1984, pages 99-106,111; 
Chicago , us 

C ; J .- PANCHAE"^t~^aT.T"^" Genetic ~ - 
manipulation of brewing and 
related yeast strins" 

Whole article; in particular page 
105, section "Applications" * 



5,7- 
,19, 
-23, 
-,29, 
2,37, 
9,40, 
15 

L2,13 



-8,14, 
9-23, 
:!5-29, 
:J2,34, 
:J7-41, 
14-57 



CLASSIRCATION OF THE 
APPUCA7ION (Int. Ct*) 



TECHNICAL FIELDS 
SEARCHED (Int. Cl.«) 



EPO Form 150S J 08.7* 



BNSOOCID: <EP 026<M1MA3 l_> 





Europ an Patent 
Office 



EUROPEAN SEARCH REPORT 



i^alegory j 



DOCUMENTS CONSIDERE D TO BE RELEVANT 

SlsMp"« ' »n*">'on. wnere appropriate, ot relevant 



Relevant 
to claim 



0,Y 



12,13, 
16-18, 
33,35, 
36,42, 
43,58- 
60 



P.G. MEADEN et al. : "A plasmid 
vector system for the genetic 
manipulation of brewing strains", 
& PROC. CONG. -EUR. BREW. CONV. 1985, 
20th, 219-26 • 

Whole document * 



1-5,7, 

8rl9, 

21-23, 
25-28, 
32-37, 
39,40, 
46-54, 
57 

6,34,. 
38,41, 
44 



AGRICULTURAL AND BIOLOGICAL CHEMIS- 
TRY, vol. 49, no. 10, October 
1985, pages 3089-3091, Tokvo, JP; 
I. YAMASHITA et al. : "Cloning and 
expression of the Saccharomycopsis 
fibuligera alpha-amylase gene in 
. Saccharomyces cerevisiae" 

* Whole article * 



AGRICULTURAL AND"bIOLOGICAL CHEMIS- 
TRY, vol. 47, no. 11, November 1983, 
pages 2689-2692, Tokyo, jP; 
I. YAMASHITA et al. : "Molecular 
cloning of a glucoamylase producing 
gene in the yeast Saccharomyces" 
* Whole article * 



1-5,7, 

8,14, 

16,17, 

21-23, 

25,26, 

28,29, 

32,35, 

3.9.40, I 

42,45- ' 

50,56, 

57,60 



1-5,7, 



Application number 

EP 87 11 0370 -3 

CLASStnCATION OF THE 
APPUCATlON(lni.CU4) 



TECHNICAL FIELDS 
SEARCHED (Int CM) 



£POFerm1505J 06.78 



BNSCXX;iO: <£P 0260404A3_I_> 



J) 



European Pat nt 
Office 



EUROPEAN SEARCH REPORT 



Appbcation numD«r 



EP 87 11 0370 -4- 



category | 



DOCUMENTS CON SiDEREP TO BE RELEVANT 

CitaUon of doctimeni wtUi mdication, where appropriate, of relevant 
passages — — 



Relevant 
to claim 



48,10-14|, 
19-23, 
28,29, 
37,39, 
40,45- 
47 



AGRICULTURAL AND BIOLOGICAL 
CHEMISTRY, vol. 48, no- 7, July 
1984, pages 1931-1932, 
Tokyo , JP ; 

I. YAMASHITA et al..: "Secretion 
of Saccharomyces diastaticus 
glucoamylase from Schizosaccharo- 
myces pombe" 

* Whole article * 



I NATURE, vol. 30 8, no. 5960, April 
12, 1984, pages 662-65, 
I Reading, Berks, GB; 
S.J. RQTHSTEIN et al. : "Secretion 
of a wheat alpha- amylase expressed 
I in yeast" 

* Page 663, right-hand coliimn * 



1-5,7, 

8,10, 

14,19- 

23,28, 

29,37, 

39,40, 

45-57 



Y 
Y 



39,42 
15 



12,13 



_ Y 



GENE, vol. 25, no. 2/3, November 
1983, pages 333-341, Elsevier 
Barussels, BE; 

R.J. KLEBE et al. : "A general 
method for polyethylene-glycol 
induced genetic transformation of 
I bacteria and yeast " 

I* Page 335, section e * 

Lc* J-. -PANCHAL,-e t al^ : - -V Suscjeptibili t^ ^ 
of Saccharomyces spp. and 
Schwanniomyces spp. to the amino- 
glycoside antibiotic G418" 
I Sc APPL . ENVIRON . MICROBIOL . 1984, 
47(5), 1164-6 

* Left-hand column, paragraph 1 * 



1-60 



EP - A - 0 125 615 (LABATT) 

* Pages 1-4,9,10; page 11, para- 
graphs 2,3; page 12; page 16, 



16-20 



CLASSIFICATION OF THE 
APPUCATION (Int. Q.*) 



TECHNICAL FIELDS 
SEARCHED (Int. CI.4) 



-5 



EPOFormlSOS^ 0B.7ft 



BNSDOCIO: <EP 026O4a*A3.L> 




European Pat nt 
Office 



EUROPEAN SEARCH REPORT 



AppttcJtion number 

EP 87 11 037a -5- 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Uate^ory 



y 

X 



X 



CiUbon ol oocumeni with indicaiton. where appropriate, of reievara 
passages 



last paragraph - page 17, 
paragraph 1; claims 2-4,8,9,20 



BIOTECHNOLOGY LETTERS, vol. 5, 
no. 12, 1983, pages 825-830, 
M.R. DHAWALE et al. : "Interspecific 
protoplast fusion of Schwanniomyces 
yeasts" 



Whole article 



4, April 



BIOTECHNOLOGY, vol. 4, no 
1986/ pages 311-315, 
New York, US; 

S.A. FILHO et al.: "Stable yeast 
transf ormants that secrete functio- 
nal alpha-amylase encoded by 
cloned mouse pancreatic cDNA" 

* Page 314, last paragraph * 



NUCLEIC ACIDS RESEARCH, vol. 14, 
no. 12, June 1986, pages 4701-4718 
IRL Press Ltd, Oxford, GB; 
J.M. PARDO et al.: "Cloning 
of the STA2 and SGA genes encoding 
glucoamylases in yeasts and 
regulation of their expression., by 
the STAIO gene of Saccharomyces 
cerevisiae" 

* Abstract * 

EP - A - 0 185 327 (SUNTORY) 

* Page 10, line 29 - page 12, line 
8 ; figure 6a * 

EP " X ^^^ 6^6 'aW ( GifST^BKSCMSE 

* Page 14, lines 3-13 * 



Relevant 
to datm 



12,13, 
33-60 



24 



39,42 

1-38, • 
40,41, 
43-60 



39,40 



39,45, 
46,47 



1-3, 

7-9, 

19,21, 

22,28, 

32,37, 

47 



CLASSIFICATION OF THE 
APPLICATION llnL D.«) 



TECHNICAL FIELDS 
SEARCHED lint. Cl.«) 



-f 



EPO Form 1S0SJ 0S.7( 



BNSOOCIO- <EP 0260404A3. 1 > 




Eur pean Patent 
Office 



EUROPEAN SEARCH REPORT 



Appltcatton numtMf 

EP 87 11 0370 
.-6- 



DOCUMENTS CONSIDERED TO BE RELEVANT 



ategory 



Citation of aocuntent with indicauon. where appropriate, of relevant 
passages 



G. REIPEN et al. : "Non-selective 
transformation of Saccharomyces 
cerevisiae", & CURR. GENET. 1982, 
6(3) , 189-93 

SuiTunary * 

FOUNDATION FOR BIOTECHNICAL AND 
INDUSTRIAL FERMENTATION RESEARCH 
VI (1983), pages 209-228 
A.M- SILLS et al-: "Genetic 
manipulation of amylolytic enzyme 
production by yeasts" 

* Page 210, paragraphs 2,3; page 
220, lines 5-8; page 223 * 

EP - A 0 126 206 (CETUS) 

* Page 3, lines l-9;page 5, line 
32 - page 6, line 3, page 13, 
lines 18-23; line 31 - page 14, 
line 18; page 45, lines 15-17; 
page 46, line 1- page 47, line 
6; claims 21-23 * 

wo - A - 86 07 091 (BIOTECHNICA) 

* Claims 1-5,9-16 * 



15 



1-60 



1-60 



Relevant 
to datm 



1-4, 

7-9, 

19,21- 

23,25, 

27,28, 

32,37, 

39,40, 

46-51, 

53 



CLASSIFICATION OF THE 
APPLICATION (Int. Cl.«) 



TECHNICAL FIELDS 
SEARCHED (Int. 



EPOFormlSOS.3 oa.7a 



BNSOOCIO: <eP 0260404 A3. l.> 



